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THEORETICAL CONSIDERATIONS RESPECTING THE 
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CERTAIN ELEMENTS. 


By J. WILSING. 


Tue object of the following article is to show that the 
interesting results, which have been obtained by Messrs. W. J. 
Humphreys and J. F. Mohler’ from their study of the influence 
of pressure on the wave-lengths of lines in the spectra of the 
metals, can be explained as an effect of damping of the vibra- 
tions to which the emission of light is due, and can be brought 
into connection with the views which have been developed by 
Herr v. Lommel? in his memoir “Theorie der Absorption und 
Fluorescenz,”’ and independently by Herr G. Jaumann3 in a 
memoir entitled ‘‘Zur Kentniss des Ablaufes der Lichtemission.” 

By raising the pressure in the vessel containing the arc to 
15 atmospheres, Messrs. Humphreys and Mohler succeeded in 
producing displacements of the metallic lines which amounted in 
exceptional cases to 0.2 tenth-meter, and which were of the same 

™* Effect of Pressure on the Wave-lengths of Lines in the Arc-Spectra of Certain 
Elements.” This JOURNAL 3, 114, 1896; 4, 175, 249, 1896; 6, 169, 1897. 

2 Wied. Ann., 3, 251, 1878. 

3 Wied. Ann., 53, 832. 1894; this JOURNAL 2, 215, 1895. 
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order of magnitude as certain systematic differences between the 
wave-lengths of corresponding solar and metallic lines found by 
Mr. L. E. Jewell’ in carrying out his measurements for Row- 
land’s ‘‘ New Table of Standard Wave-lengths.’”’ On increasing 
the pressure the lines were always displaced toward the red end 
of the spectrum, that is, their wave-length was increased; while 
diminution of the pressure below one atmosphere produced a 
displacement toward the violet end of the spectrum. The 
amount of the displacement was unequal for lines of different 
elements. In the case of the different series of lines in the 
spectrum of any element, it had a definite relation to the num- 
ber expressing the order of the series. For any line of the 
same series the change of wave-length was moreover propor- 
tional to the change of pressure and to the wave-length itself. 
Relations were also found between the displacements of lines of 
elements belonging to the same half of a Mendelejeff’s group. 
Of special significance, however, is the author’s remark, that in 
general displacement was not accompanied by any widening of 
the lines, such as is usually produced when the density of the 
vapor is alone increased. On the contrary, the metallic lines 
have essentially the same width and the same appearance with 
and without pressure. An explanation of these displacements 
as the result of an unsymmetrical broadening of the lines is 
therefore not permissible, although, according to the observations 
of Ebert,? an apparent displacement toward the red end of the 
spectrum is in general likewise produced, as a consequence of the 
great broadening which accompanies an increase in the quantity 
of the radiating vapor. According to Kundt the displacement 
of the absorption bands of substances dissolved in transparent 
media is also in the same direction; the greater the dispersion 
of the non-absorbing medium, the greater is the displacement of 
the absorption bands. In a later article Mr. Humphreys calls 
attention to these phenomena, which have a certain analogy to 
the changes of wave-length caused by pressure, in that the direc- 


*“The Coincidence of Solar and Metallic Lines.” This JOURNAL 3, 89, £896. 


2 Wied. Ann., 34, 39, 1888. 
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tion of the displacement is the same in both. He also remarks, 
in the same place, with reference to v. Lommel’s theory of 
absorption, that the theorem, “An increase of the density or the 
pressure of a radiating gas causes a broadening of the bright 
lines in its spectrum and at the same time displaces them toward 
the red,’’* necessarily leads to the conclusion that a displace- 
ment would be produced by increasing the density of a gas 
without changing its pressure, which is contrary to experience. 
This conclusion rests, however, upon a misapprehension which 
has been corrected by v. Lommel himself in a note on the articles 
by Jaumann and Prince Galitzin; for the conclusion holds, of 
course, only when the logarithmic decrement & of the vibration 
has a value other than zero, or when in general there is damp- 
ing. Inthe case of an ideal gas which obeys Mariotte’s law, & 
is, however, according to v. Lommel, always vanishingly small. 
On the other hand, Humphreys’ remark, that displacement and 
broadening must take place simultaneously, according to the 
theory of v. Lommel, and that this theory is consequently 
incapable of explaining the phenomena observed in the arc- 
spectrum when the pressure is increased, since the broadening 
of the lines must be very considerable relatively to their dis- 
placement, is perfectly pertinent in all cases. In fact, the for- 
mulz of v. Lommel require modification or extension, if they 
are to include the possibility of displacement of lines in conse- 
quence of damping, wéthout perceptible broadening of the lines. 

Von Lommel, like Jaumann, proceeds from the assumption 
that homogeneous light consists of simple, pendulum-like vibra- 
tions. If the vibrations are damped, the corresponding disturb- 
ance of the ether is to be regarded as compounded of an infinite 
number of simple partial vibrations, and therefore capable of 
being analyzed by Fourier’s theorem. But since, in accordance 
with the fundamental assumption, the resultant obtained by the 
summation of all these vibrations no longer yields homogene- 
ous light, the broadening of the spectral lines is seen to be a 
necessary consequence of damping; without, however, implying 

' Wied. Ann., 3, 267, 1878. 
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the necessary truth of the inverse theorem, that damping is 
always present when the spectral lines are broadened. 

Von Lommel takes, for the equation of a damped simple har- 
monic vibration which is also subject to the periodic impulse 


—F sin gt, 
a*x 


where x denotes the distance of the atom m at the time / from 
its position of equilibrium. Division by m reduces the equation 
to the form 


d 
dt 
where 
K F A Cc 
—=sh, - =f, and 


If we neglect the terms containing the small quantity e, 
which is only of significance in the theory of fluorescence, the 
integral of the equation is 


x= Msin (gt—-a) + Ne“ sin 
where & is the coefficient of damping, and * is the period of the 
damped main vibration of the atom. The amount of the 


molecular absorption A of the vibration f/ sin gt is determined by 
the expression 


which gives on integration 


The absorption of the vibration is therefore greatest when 
q=p, that is, when the period of the excitant radiation coincides 
with that of the atom vibrating without damping. According to 
the theory of v. Lommel and Jaumann, therefore, damping of 
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the vibrations can produce only a widening of the dark absorp- 
tion lines and not a displacement, while according to the obser- 
vations of Humphreys and Mohler bright and dark lines are 
equally displaced. 

The position in the emission-spectrum of the damped funda- 


mental vibration is determined by the equation r=V p*—#’, 
where = and = denote the periods of the damped and undamped 


vibrations respectively. But the maximum of intensity in the 
widened bright line does not exactly coincide with the place of 
the main vibration. In order to find the distribution of intensity 
in the bright line widened by damping, we have to seek the 
amplitude of the partial vibrations of which the damped vibra- 
tion is compounded. From the equation 


x 
kr m 
sin $ — sinptdp 


we obtain for the amplitude fof the vibration whose period is 


* the value 


(A? + r? + —4 


The period * which corresponds to the maximum of intensity 


in the widened bright line is determined by the condition 
( o, therefore by 
or, 
When the damping of the vibration is slight, that is, when 
=F is very small, the maximum of intensity practically coin- 


cides with the place of the main vibration r+. 


Since the period = of the damped vibration is connected 
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with the period : of the undamped vibration by the equation 


r=V p*—A’, it follows, according to v. Lommel’s theory, and 
in agreement with the observations of Humphreys and Mohler, 
that damping must always produce a displacement of the bright 
line toward the red end of thespectrum. If, however, we regard 


k 
? as a small quantity of the first order, the amount of the dis- 


placement is of only the second order, while the breadth of the 
line increases very rapidly as & increases. Therefore a percep- 
tible displacement of the bright line cannot take place unless it 
is accompanied by avery great increase in the width of the 
line. 

The result of the foregoing discussion of v. Lommel’s theory 
of absorption is as follows: the theory is so far in agreement 
with observation, that it requires a displacement toward the 
less refrangible end of the spectrum to follow an increased damp- 
ing of the vibrations. On the other hand it is contradictory to 
observation in that the dark absorption lines actually suffer the 
same displacement as the bright lines when the pressure is 
changed, and in that observation shows no perceptible accom- 
panying increase in the breadth of the lines. These contradictions 
may, however, be easily removed by an extension of the theory, 
without impairing the validity of its conclusions when applied to 
the explanation of the phenomena of fluorescence. 

The theory of v. Lommel starts from the assumption of a 
simple sine vibration and finds its chief support in the analogy 
with the vibrations of a pendulum in a resisting medium. Bes- 
sel’s investigations of this subject have, however, shown that the 
consideration of the actual resistance, the effect of which is 
chiefly to decrease the amplitude of the vibrations, is not alone 
sufficient to determine the motion of the pendulum. On the 
contrary, observation showed such a considerable increase in the 
period of the pendulum in consequence of damping, that the 
period could no longer be represented by means of the observed 
logarithmic decrement &. An increase in the moment of inertia 
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of the pendulum became necessary, which was recognized by 
Stokes as an effect of the internal friction of the air particles. 
The increase of the period expresses, therefore, the reaction of 
the particles of air which are set in motion by the pendulum 
and are carried with it. Herr Ketteler has introduced Bessel’s 
extension of the theory of damped vibrations into optics, in his 
work, Theoretische Optik gegriindet auf das Bessel-Sellmeter sche 
Princip. \f the equation of the damped vibration is made fun- 
damental for the explanation of optical phenomena, Bessel’s 
extension cannot be left out of consideration in questions con- 
cerning vibration-numbers. So long, however, as this view is 
used merely as a working hypothesis, it may be left an open 
question as to what physical conceptions are to be formed of 
the damping of the light-vibrations; whether, according to the 
older view, it is to be regarded as a decrease of the intra-molec- 
ular motion, or, according to the electro-magnetic theory, as a 
loss of energy which the vibrations of the valence-charges of 
the atoms suffer in consequence of radiation. 

Taking into account this principle of Bessel, the following is 
to be substituted for equation (1); 


in which the new are connected with the former coefficients by 
means of the equations 
k 

k,= ——,/, 

1+y¥ i+ 7 


where ¥ is a small positive quantity. 


i+ y’ 


The consequences which follow from the introduction of ¥ 
are readily seen. First, the expression now obtained for the 


amount of absorption, corresponding to the period ; of the 


incident wave, is: 


= £3 sin? a; tan Ag 
16 &,? 


so that for g?=//=- : the absorption becomes a maximum, 
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which corresponds to the darkest part of the line. In conse- 
quence of this a displacement of the absorption line toward the 
less refrangible part of the spectrum takes place, which is meas- 
ured by the difference of the periods ead —. (5 <2), 
A: 


The expression A for the intensity of the absorption correspond- 
ing to 


mf? 
16k? 


. 
shows that the line remains narrow and sharp as long as (“) is 


k 
small. If, therefore, y and — are quantities whose squares may 
7 


be neglected, the damping of the vibrations essentially produces 
merely a displacement of the absorption lines toward the red 
end of the spectrum without giving rise to a noticeable broaden- 
ing of the lines. 

A similar consideration applies to the bright lines of the 


emission spectrum. For the period — of the principal vibra- 
> 


tion emitted by the luminous gas we obtain from equation (2) 


2 2 
and if r} and ¥ are, in accordance with the previous assump- 
tion, quantities whose squares may be neglected: 
The bright lines will, therefore, be displaced toward the red 
end of the spectrum by the same amount as the dark absorp- 
tion lines. From the general expression f for the amplitude of 
the vibration p: 
4kr, 


=: 
= 

— 
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it further follows that the ratio of the intensity of the vibration 


4 

vanishes, and that, therefore, the lines experience no perceptible 
broadening. 

The observations of Messrs. Humphreys and Mohler are, 
therefore, fully explained on the assumption of a damping of the 
vibrations, if the quantity y which expresses the damping may 
be regarded as a function of the pressure which has a definite 
value for any series of vibrations of the same gas, but which 
varies for different series and different gases. An analogy to 
this hypothesis is found in the theory of damped electrical 
vibrations, in the respect that the damping of the latter vibra- 
tions is dependent upon the form of the resonator and the 
dielectric constants of the medium. Taking as a first approx- 
imation for the displacement, 


w, lying indefinitely near re to that of the principal vibration = 


A, — Ay = 


2 


where A, and XA, are the wave-lengths corresponding to the 


» 


periods ~ and ~, and P is the pressure, we get, for A,—A, 


SIA 


2.10°* mm., and P-=12 atmospheres, A,=—4.107* mm., 
‘ 
y, -8.10~°, while ()) is to be regarded as vanishingly small, 


since no broadening of the lines takes place. 

The slightly damped vibrations which are emitted by the 
vapors of the volatile metals in the electric arc obey Kirchhoff’s 
law, and only in the case of actual fluorescence of dissolved or 


solid substances, for which (C) becomes appreciable, does a 


displacement of the bright bands relatively to the absorption 
bands take place. While metallic vapors under ordinary pressure 
give out only slightly damped vibrations, bright lines may be 
expected in their fluorescence spectrum, in addition to the broad 
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and diffuse bands which usually appear. Thus Messrs. E. 
Wiedemann and G. C. Schmidt * succeeded in detecting the yel- 
low sodium lines in the fluorescence spectrum of sodium vapor, 
as well as fluted bands. In the case of other readily volatilized 
elements it appears, according to E. Wiedemann, that the pres- 
ence of bright lines in the fluorescence spectrum is also 
possible. Of special interest would be the investigation whether 
these bright lines in the spectrum undergo a displacement with 
respect to the absorption lines, since this determination would 
make it possibie to decide on the correctness of the assumption 


that (5) =o. 


The investigations of Messrs. Humphreys and Mohler, the 
significance of which, in astrophysics, has already been pointed 
out by Mr. Hale,’ deserve special interest, because, like the sep- 
aration of lines observed in a magnetic field by Herr Zeemann, 
they demonstrate the possibility of a change in the period of 
vibration of the luminous molecules, while in the case of refrac- 
tion and magnetic rotation of the plane of polarization there is 
merely a change in the velocity of propagation of the light 
waves. In this connection, the displacements effected by pres- 
sure have to be considered with reference to the changes in the 
periods of vibration, which are explained, according to Dopp- 
ler’s principle, by the mechanical motion of the source of light 
or of the observer in the line of sight. On the validity of this 
principle is based the method of determining the motions of the 
stars by measuring the displacement of lines in their spectra. 
If, however, displacement of the lines may also be brought 
about by physical causes, through definite influences to which 
the luminous atoms are subjected, and which may be character- 
ized as damping of their vibrations, there arises the necessity 
for an investigation as to how we can separate that part of these 


* Sitz. d. Phys.-med. Soc. Erlangen, November 12, 1895. This JOURNAL, 3, 207, 
1896. 

2“ Note on the Application of Messrs. Jewell, Humphreys, and Mohler’s Results 
to Certain Problems of Astrophysics.” This JOURNAL, 3, 156, 1896. 
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changes in the periods of vibration which is due to mechanical 
motion from that which is due to physical causes. 

The amount of the displacement of the lines which is due to 
the motion of the source of light, is proportional to the wave- 
length. The proportional factor is constant for all the lines in 
the spectrum of a star, and is identical with the ratio of the 
velocity of the star in the line of sight to the velocity of light ; 
while the change of wave-length. due to pressure is different for 
lines which belong to different elements and different series, 
although the lines may be in the same part of the spectrum. 
If, therefore, the metallic vapors in the absorbing layers of a 
star are subject to a noticeable pressure, re/ative displacements 
of the lines of different metals must occur, the amount of which, 
if the same mean pressure is assumed for all the vapors, can be 
made to furnish an estimate of the pressure itself. This suppo- 
sition need not be regarded as contradictory to the measure- 
ments of Mr. Jewell’ relative to the solar spectrum, since the 
differences in pressure, which he finds for the different metallic 
vapors present in the solar atmosphere, are so small that for the 
greater part they may be attributed to the uncertainty of the 
measurements. These measurements of the amount by which 
approximately the metallic lines in the arc-spectrum, at atmos- 
pheric pressure, are displaced with reference to the correspond- 
ing lines in the solar spectrum (0.01 to 0.02 tenth-meters), lead 
to the conclusion that there is a comparatively small pressure 
(about five atmospheres) in the Sun’s reversing layer. The same 
conclusion very probably holds good for stars of the second 
type, whose physical condition evidently closely resembles that 
of the Sun. For these stars the displacement due to pressure, 
amounting to about 0.02 tenth-meters (which, according to 
Doppler’s principle, corresponds to a velocity of 1.5 kilometers 
at A 4000) will therefore hardly reach the limit of accuracy of 
Herr Vogel’s? measurements of the motion of the stars in the 
line of sight. 


™“ Note on the Pressure of the Reversing Layer of the Solar Atmosphere.” This 
JOURNAL, 3, 138, 1896. 
? Pub. Obs. Potsdam, 7, 25. 
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In the case of stars of the first type, whose spectra contain 
but few and weak metallic lines, the displacements of the artifi- 
cially produced hydrogen lines, with reference td the hydrogen 
lines in the star spectra, will in most cases have to be measured 
directly. The investigations of Messrs. Humphreys and Mohler 
do not include hydrogen; nor can it be assumed that the pres- 
sure of the gas has alone any considerable influence on the 
period of vibration, since, under increased pressure, its lines 
broaden so greatly that even at a pressure of less than one 
atmosphere the spectrum becomes almost continuous. The sig- 
nificance of the displacement of the hydrogen lines in a stellar 
spectrum, in accordance with Doppler’s principle is, therefore, 
not in the least doubtful. Of special significance for investiga- 
tions of stars of Type I are Herr Vogel’s* measurements in the 
spectrum of Sirius, from which no appreciable displacement of 
the absorption lines, due to pressure, can be deduced. The 
measurements of the displacements of the #/ ¥ line in the stellar 
spectrum, with respect to the corresponding line produced by 
means of Geissler tubes, gave the following values : 

1891, March 21 — 14.9 kilometers (first plate), 
March 21 15.9 kilometers (second plate), 
March 22 15.0 kilometers, 


15.2 kilometers, 
while the determinations of the displacement of the fine iron 
lines in the star spectrum, with respect to the corresponding 
lines of the iron spectrum, photographed on the same plate, fur- 
nished the values: 

1891, March 21 — 13.4 kilometers, 


March 21 — 14.9 kilometers, 
March 22 — 16.3 kilometers, 


14.9 kilometers. 


The slight difference between these numbers is, considering 
the peculiar difficulty of such measurements, to be ascribed 


* Pub. Obs. Potsdam, 7,75 and 82. 
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solely to physiological causes, so that there is no displacement 
of the metallic lines with respect to the hydrogen lines. 

According to these views, an effect of the differences in 
pressure on the position of the dark lines in the spectrum is to 
be expected only at the present limit of precision for the most 
accurate determinations of wave-lengths in stellar spectra. There- 
fore, in the determination of the motion of the stars by Dopp- 
ler’s principle, the wave-length may still be regarded as 
constant. 

This statement cannot be made with equal certainty in the 
case of the emission spectrum. Since the number of stars whose 
spectra contain bright lines 1s comparatively very small, it is 
evident, on this ground alone, that the physical conditions under 
which the vapors on the surface of these stars are luminous, is 
to be regarded as anomalous. 

This is especially true with reference to new stars. The 
occurrence of pairs of lines seems to be characteristic of their 
spectrum, which arises from the superposition and relative 
displacement of the emission spectrum and the absorption spec- 
trum of the gases. Here the bright lines lie on the less refran- 
gible side of the dark lines, precisely as in the case of the bright 
bands of fluorescing substances. The agreement in the direction 
of these displacements for different stars, and their surprising 
amount, oppose considerable difficulties to the purely mechan- 
ical explanation based on the motion of one or more luminous 
bodies, and appear to favor more directly the assumption of an 
essentially physical cause. 


ASTROPHYSICAL OBSERVATORY, POTSDAM. 
February 1898. 
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CORRESPONDENCE OF THE PHOTOGRAPHIC DURCH- 
MUSTERUNG WITH THE VISUAL. 


By R. H. TUCKER. 


THE first volume of the Cape Photographic Durchmusterung has 
been published, and it forms the most extensive contribution to 
the needs of the practical observer that the photographic process 
has furnished. 

In considering the results as a basis for present use, and for 
further development, the true aim of the Durchmusterung must 
be kept plainly in view. It is, briefly, to give a census of the 
stars, which shall be complete down to a certain definite limit of 
brightness. To furnish positions, within such limits of error as 
shall make it possible to easily identify the stars, and to set for 
them for purposes of accurate determination. And, finally, to 
rank them on a scale of magnitudes, which shall be in accord 
with certain standards, and shall be in true proportion through- 
out. If these several purposes be set down according to their 
importance, the order would be: completeness, uniformity of 
scale, and exactness of position; the last ranking considerably 
below the other two. Each purpose is liable to fall short of 
perfection in attainment, from a variety of causes; no work is 
free from the evidence of our own fallibility. There may be 
expected a certain number of mistakes, as long as the human 
observer has aught to do with investigation, even if his part 
should, sometime, be reduced to the transcription only, of 
results. In this class of work, there will be also systematic and 
accidental errors, affecting both the scale of magnitudes and 
the exactness of the places. Whatever limits of error be adopted, 
there are more to be feared the chance combinations and mis- 
takes, that will occasionally produce abnormal results. The 
scope of the Cordoba Visual Durchmusterung was designed to be 
the tenth magnitude, to which limit the enumeration was intended 
to be complete. With respect to the scope of the Photographic, 
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Dr. Gill states, on page xxiii of the Introduction, that “ probably 
every catalogued plate shows every star which Argelander would 
have considered it essential to include in a Durchmusterung simi- 
lar to his own, with the exception, perhaps, of a very few red 
stars of the fainter class.” 

The ninth magnitude of the visual scale would thus be the 
limit of the complete census contemplated; while, necessarily, 
in order to be sure of including that grade, fainter stars will be 
gathered in, to a considerable extent. 

Internal evidence, of some weight, may always be derived 
from a work of this character, as to its successful fulfillment of 
purpose; besides the authority, which is given by the ability 
and repute of the designers and constructors. Some such evi- 
dence is furnished by the count of the grades of the scale, to be 
given, later, in the tables. 

The discussion of the scale itself has been made in the sec- 
ond part of the Introduction, by Professor Kapteyn, with com- 
prehensive thoroughness. The magnitudes of the Cordoba Zone 
Catalogue have been adopted as the standard, the reduction is 
differential, and the aim has been to produce, from the photo- 
graphic plates, a scale of magnitudes which shall be the same 
as the visual scale. 

The results of an earlier investigation, by the same author, 
upon the distribution and brightness of the stars, as shown by 
photography, are quoted. In discussing the star density, while 
the comparison with Schénfelds DM. gives a legitimate conclu- 
sion, I do not think that the same validity attaches to that made 
with Gould’s Zones. 

The aim of the former was a complete enumeration of the 
stars. The aim of the zone work, on the contrary, was to obtain 
a large number of stars, generally distributed. The following 
concise statement of Dr. Gould’s, which I quote from a letter 
written in 1893, makes this quite plain: ‘The object in view 
was to get as many stars as possible — not to make an exhaus- 
tive catalogue down to any limit of magnitude.” 

With respect to the light of the stars, Kapteyn’s conclusions 
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are, in brief, that the effect of stars of the same visual magni- 
tude, upon the photographic plate, varies in different parts of 
the sky. And that ‘the stars of the Milky Way are in general 
bluer than the stars in other regions of the sky.” Thus far, 
from his earlier investigation. Resulting from the detailed 
comparisons, in the Introduction, the conclusion is drawn, also, 
that ‘‘the uniformity of color for the fainter stars is apparently 
much greater than that for the brighter stars.”’ 

In his comparison of the Photographic DM. and the Visual, a 
marked difference is found between the respective scales, depend- 
ing apparently upon the galactic latitude. The photographic 
scale is intended to reproduce that of the Zone Catalogue. 
Accordingly, if the magnitudes of the visual DJ. be assumed 
to be correct, ‘‘then the fainter stars of the 7. C. have been 
estimated half a magnitude érighter in the Milky Way than at 
the poles of that belt.” 

It is possible that the scale of either may be subject to sys- 
tematic variation. The advantage would seem to lie with the 
zone work, for conditions favorable to consistency of scale, were 
it not for the fact that the consistent estimation of magnitudes 
was recognized as so important a part of the other work; while 
in the zones it was subordinate to the exact and rapid determi- 
nations of position. The effect of a bright background, due to 
the accumulated mass of stars in the Milky Way, would natu- 
rally reduce the apparent brilliancy of individual stars, observed 
in an unilluminated field, for the Durchmusterung. For the Zone 
Catalogue, the artificial illumination, required for meridian circle 
observations, would be so much in excess of the sky illumina- 
tion, that the effect of the latter would be imperceptible. 

Nevertheless, I am inclined to believe that it was possible 
for the DM. observers, with the state of the sky visibly chang- 
ing, as the Milky Way was entered, to carry the same scale into 
and through those dense regions, without sensible variation. 
The general conditions were good, and were, as far as possible, 
uniform. Certainly a great amount of practice was obtained, 
under constant exercise of the same faculties. My own experi- 
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ence included three-fifths of the observations, between — 22° and 
— 42°, and exactly half the revision, devoted to the settlement 
of doubtful cases. 

The scale of the visual DM. was recognized, during the prog- 
ress of reduction, to have a fairly consistent difference from 
that of the Zone Catalogue. 1 derived all the constants of reduc- 
tion for the twenty degrees, comparing every hour of observa- 
tion with all the stars of the catalogue. This was, ordinarily, 
accomplished within the month following the observations ; 
though a few stars, for the determination of the exact limits of 
the zone observed, were compared on the day immediately fol- 
lowing. 

This difference may be stated, in general, to have increased 
gradually, up to one quarter of a magnitude at about 9; so that 
our 9 corresponded best with a type between g and 9% of the 
Zone Catalogue, the individual estimates of which were made 
originally to half magnitudes. The 10 of the Zone Catalogue was 
usually found to be brighter than the 9%, and it appeared prob- 
able that the few observations made of that estimate were of 
brighter stars, under unfavorable conditions. 

On the other hand, considering the photographic work by 
itself, the effect of a bright background, upon the plates, should 
be taken into account. This might be similar to the effect of 
moonlight, or of previous exposure to faint light, referred to by 
Dr. Gill, p. xxiii of the Introduction. There seems to be need 
of much further investigation of such features of the photo- 
graphic process. And it is suggested by the many interesting 
points, developed in the treatment of the results, in part second. 

That the scale of the photographic DM. bears quite a dif- 
ferent relation to that of the visual, for the Milky Way and for 
regions outside, will be clearly evident in the comparisons which 
will follow. 

The photographic scale has been compared by Professor 
Kapteyn, for the part common to Schoénfeld’s DM. ; and with 
the Cordoba DM. for portions of the belt —22° to — 32°, about 
1300 stars having been used in the last. The Cordoba volume, 
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for the ten degrees next south, was not available at that time 
for further comparison. This has suggested an extension to the 
field covered by the second volume of the visual Durchmuster- 
ung. 

The first point that attracts attention is the evident break in 
the continuity of the photographic enumeration, that occurs at 
— 34°. This corresponds with the employment of the repol- 
ished object-glass for the photographs; and, apparently, with 
the use of plates of a different manufacture. The number of 
stars per degree rises from an average of 6700 on one side, to 
g500 on the other. If these figures be translated into the 
equivalent of a zone one degree wide at the equator, the average 
rises from about 8000 to nearly 12,000. If there were any dif- 
ference between the adjoining degrees, with relation to the 
Milky Way, an explanation might thus be given for the change. 
But the zones, one degree in width, cross the branches of the 
Milky Way quite symmetrically, with respect to each other. 

Turning now to the visual DM. there is no break in the uni- 
formity of the enumeration at this point. The average equiva- 
lent, for an equatorial zone of one degree, is 20,200 for the whole 
extent from —22° to —42°; and the average deviation is 4 per 
cent., while it does not exceed 14 per cent. for any degree. 

In other terms, the photographic enumeration increases from 
an average of 42 per cent. of the visual for the first twelve 
degrees common to both, up to §9 per cent. for the four degrees 
next south of — 34°. 

For these comparisons a belt from 20’ to 30’ of declination 
has accordingly been chosen from each of the two degrees, — 33 
and — 34. Each belt extends through the complete circuit of 
twenty-four hours, and above 2500 stars are included, nearly 
double the number used by Professor Kapteyn for the northern 
portion. Each belt has been divided into parts, in order to 
represent the Milky Way separately. It is, perhaps, needless to 
say that in identifying the stars, a scrutiny is made of the min- 
utes of declination, adjoining the exact limits of the zone 


chosen. The stars of the Uranometry have not been included. 
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The magnitudes of the visual DMZ. for these stars were taken 
from the Uranometry, although the brightness was always esti- 
mated at the time of observation. In the second part of the 
photographic Introduction, Professor Kapteyn calls attention to 
a possible difference in the relation between telescopic and 
naked eye estimates, as affecting the photographic adjustment 
required for the plates. This is one of the many interesting 
points that will repay investigation by those who are following 
the development of astronomical photography. As illustrating 
one aim of these comparisons, the testing of the general consist- 
ency of the scale, there is given here in Table I the results of a 
count of the magnitudes of the visual scale, by tenths, which I 
made while in Cordoba, and which has not before been published 
in its entirety. It embraces the first ten degrees, from o* to 5° 
inclusive; and the first five degrees for 7", this last representing 
the dense part of the Milky Way. Nearly 37,000 stars were 
counted. A small portion of these results (2000 stars in the 
first five degrees of o*), forms a part of the DM. Introduction, 
and had been previously printed in the Astronomical Journal, 
No. 230. 

The individual tenths are fairly represented, as shown by the 
third column of percentages. The summation is given in the 
fourth column. By inspection of the third column it will be 
seen that the 10 includes a percentage equivalent to a total 
enumeration to 10% inclusive, on the same scale as that of the 
stars above it. 

On the hypothesis of distribution by magnitudes, which has 
been found to represent the northern hemisphere, down to 9 
mag. there would be 323,000 stars in the area—22° to — 42°, 
down to 10% inclusive. The visual DM. actually has 340,000 
in this area. There are two hypotheses to be adopted, however, 
in making this comparison; the same distribution for the two 
hemispheres, and the validity of the law beyond 9 mag. 

As illustrating the possible range of the visual observations, 
for the telescope used, it served for the identification of an 
asteroid noted as twelfth magnitude, upon one occasion. It had 
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TABLE I. 


CORDOBA VISUAL DM. 


Mag. Stars Per 1000 Sum 


To 6.9 202 6 6 
7.0 66 2 8 
7.5 26 I 9 
3.2 53 I 10 
7-3 54 I II 
7.4 28 I 12 
7°5 97 3 15 
7-6 54 I 16 
7-7 104 3 19 
7.8 78 2 21 
7-9 57 2: 
8.0 184 5 28 
8.1 137 4 32 
8.2 183 5 37 
8.3 2t7 6 43 
8.4 159 4 47 
8.5 366 10 57 
8.6 300 8 65 
8.7 421 II 76 
8.8 370 10 86 
8.9 400 II 97 
9.0 871 24 121 
9.1 852 23 144 
9.2 959 26 170 
9.3 978 27 197 
9.4 1220 3: 230 
9.5 2000 54 284 
9.6 2305 63 347 
9.7 3216 87 434 
9.8 3704 100 534 
9.9 3171 86 620 

10.0 13966 380 1000 
36798 1000 


been the custom to observe some of the asteroids that came to 


opposition far south, and of which determinations were desired. 
For this particular one, the ephemeris place was so uncertain 
that repeated trials failed to identify it in the 13-inch tele- 
scope by reason of the large number of faint stars within the 
area. I proposed trying for it with the DM. telescope. Its 
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aperture, five inches, should have rendered a 12 mag. just barely 
visible. I swept over the region in the usual manner of observ- 
ing for the DM., taking only the faintest stars, and a few brighter 
ones for identification. The following night a similar sweep 
was made and the asteroid was at nce picked out from the 
reduction sheets with a difference in place corresponding to the 
daily motion. I have always regretted not having again turned 
to the region to see how the asteroid compared in light with the 
faintest stars visible. 

In Table I, the constant 6=3.9, in the expression a 6™ for 
the sum of the stars down to any magnitude is clearly confirmed 
for the grades 7,8 andg. _ If, however, we look for the place 
of 10.0 by extension of the same hypothesis, it would be found 
at 934 of the scale, and there would thus be an indication that 
the stars estimated fainter than that really belong to 10 mag. 
From the manner in which the catalogue magnitudes are derived, 
the direct arithmetical mean of the separate estimates, the 9.8 and 
9.9 were all observed once at least as 10, and it is not improba- 
ble that these stars may be truly tenth magnitude. The scale 
would then include a number of stars equivalent to a complete 
enumeration to 10% inclusive. This is confirmed again by 
finding the percentage which is one-fourth of the total, at 9% 
of the scale. 

It must be borne in mind here and in what follows that the 
10 of the visual scale is a flexible grade, including all stars 
estimated as tenth magnitude and fainter. It was in no sense 
our object to record the faintest stars visible, but to include all 
of which there was any doubt with respect to being approxi- 
mately near the limit. In taking the means, it is always 
reckoned as 10.0, although the actual estimation may have been, 
and undoubtedly often was, consciously, beyond. 

Referring again to the number of stars included in the 
photographic DJ., the total for 19° would indicate an equiva- 
lent of the complete enumeration down to 10% nearly, accord- 
ing to the law of distribution for the northern hemisphere. 
This limit would be different for the two parts above and below 
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— 34°; the law giving 10.1 and 10.5, respectively, for the areas 
each side. 

In terms of the visual scale, 42 per cent. would fall at 9.7, 
and 59 per cent. would reach nearly to 9.9, or, in round num- 
bers, the limit has been extended one-fourth of a magnitude, after 
passing — 34°. The actual scope of the work, the limit of bright- 
ness to which it is complete, will be much above. The count of 
scale in Table IV, and the number of stars missing from the 
fainter grades, Table V, must be referred to, for evidence from 
within and without, as to the completeness. 

With respect to the law of distribution, results greatly at 
variance with the accepted constants have been found in the 
course of charting faint stars for standards of magnitude with 
the 36-inch telescope of this Observatory. <A series of twelve 
small charts were completed, in extension of the scheme, orig- 
inally of Professor Pickering (4. N., 45, 124), to furnish 
standards for comparison. The stars were grouped here in five 
classes for convenience in charting: the first including all to 
g mag. and each class below extending two magnitudes. The 
extent of area covered is too small—two square degrees—to 
base any definite conclusions upon, but the count indicates an 
entire change in the constants used in summing up magnitudes 
brighter than 9g. The results are given here in condensed form: 


Mag. Stars Sum Per cent. 
Tog 16 16 .O1! 
10 and II gl 107 .076 
12 and 13 192 299 .214 
14 and 15 327 626 447 
16 and 17 770 1396 1.000 


The 4 of the formula, computed by extending the summa- 
tion of g mag. to 17 mag., would be 1.75; in place of 3.91, 
adopted up to 9 inclusive. 

Taking up in order the results of the DM. comparison for 
—33°, Table II has been formed by adopting, first, the visual 
magnitudes as the standard and grouping the individual stars as 


follows: 
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The magnitudes 7 to 8. 

The magnitude 8.0 alone. 

The magnitudes 8.1, 8.2, 8.3 together. 
The magnitudes 8.4, 8.5, 8.6 together. 
The magnitudes 8.7, 8.8, 8.9 together. 


And so on up to 10. This distribution by groups is somewhat 
an arbitrary one, since perhaps the 8.9 belongs more precisely 
to g as the nearest quarter. But as there is an acknowledged 
tendency to gravitate towards the even magnitudes in direct 
observation, the whole units have been given a separate class. 
The table shows that a fair distribution of both scales has been 
effected, but Table IV should be consulted for final illustration 
of this point. 

There are tendencies, also, in the photographic scale to 
exclude certain tenths; and there is great divergence both as to 
the limits and the tenths chosen in different portions. A few 
illustrations may be given, In 8° — 34°, for the zone compared, 
there are omitted entirely 9.5, 9.7, 9.9, 10.1, 10.3 and 10.5, 
while the scale includes 10.7 and 10.8; and the tenths omitted 
here are recorded commonly for other portions. The recorded 
limits vary from g.6 to 11.4 over stretches of considerable length. 
In the zone through 5 — 34°, 60 per cent. of the stars are 10 
mag. or fainter, almost to the exclusion of faint estimates 
between g and 10. While in 6", next following, but 20 per cent. 
are as faint as 10, and those mainly confined to the first half 
hour. These variations are, however, to be clearly anticipated, 
since by means of the photographic process the scale, founded 
upon only the brightest stars, is to be extended down. Thus the 
exposure, the sensitiveness of particular plates, and other con- 
ditions, must be taken into account. These difficulties are 
referred to by Dr. Gill, and they are most extensively treated 
in Scheiner’s recent book upon Celestial Photography. The 
same class of uncertainty arises whenever differential work has 
to be extended beyond the base upon which it rests. 

In making up the means of Table II, the visual 10 has been 
reckoned at 10.0. The number of stars in each group is not a 
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test of the distribution by quarters, since there are not included 
the stars of either catalogue, omitted by the other. For the 
photographic DM., these begin to mount up perceptibly after 


passing 9 mag. 
TABLE IU. 


COMPARISON OF VISUAL AND PHOTOGRAPHIC MAGNITUDES.—3 3°. 


Visual standard | Photographic standard Mean difference 

Vis. Phot. | Stars | V.-P. | Phot. Vis. Stars V.-P. Mag. | V.-P.| Wt. 
7-52 | 7-88 | 47 | —.36 | 7.62 | 7.52 30 | - .10 7% | —.26 4 
8.0 | 8.34 21 | 34 | 8.0 | 8.04 14 | + .04 8 19 2 
8.23 | 8.40 23 | —17)| 8.22 | 8.10 36 | — .12 14 3 
8.50 | 8.74 | 68 | —.24]| 8.51 | 8.56 68 | .05 8% .09| 7 
8.80 | 9.01 | 74 | —-21| 8.81 | 8.92 61 + || 83¢ | --06) 7 

| 
9.0 9-15 | 77 | —-15|| 9.0 9.05 59| + -05 || 9 .06 7 
9.25 9.48 | 132 | —-23 9.19 | 9.20 97 + .o1 || 9% 13 II 
9.52 | 9.70 | 241 | —.18], 9.51 | 9.42 216 —.09 || 9% | —.14| 23 
9.79 | 9.90 | 226) —.11]| 9.80 | 9.64 162 - | 93 ~.13] 19 

| | 

| | 
10. 10.08 | 111 | —.o8||to.0 | 9.70} ot | — .30 || 10 .18| 10 

|- 110.20 | 9.77 | 110 | (— .43) || 

| 1020 | 110.45 | 9.73 58 | (— .72) |! Mean 14 

|| 10.80 | 9.75 12 | (—1.05) 
| 11.0 9.90 6 | (—1.10) 
| 


Seventeen stars from the Uranometria Argentina brighter than 7 have been 
omitted. Also eight differences of magnitude: 


Vis. Phot. 
8.7 10.2 
8.9 10.2 
dup. (2) 
8.7 10.2 
8.3 9.8 
8.7 10.2 
8.7 10.0 
9.5 11.4 


The same process is repeated for the second part of the table, 
except that the stars are combined with the photographic esti- 
mates as the standard. Thus each star is represented by a 
double comparison. The differences are taken out in all cases 
in the sense Visual— Photographic, and they thus conform to the 
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comparisons made by Professor Kapteyn. In the final tabula- 
tion of the Mean Difference, the results of the two preceding 
sections have been combined strictly according to the number 
of stars. The magnitudes may, then, be considered as repre- 
senting types midway between those of the two scales; but the 
mean results are but slightly affected, by leaving out of account 
the systematic differences, in the combination. The scale of one 
section should be moved along upon that of the other in order 
to allow for systematic difference, and the magnitudes could thus 
be tabulated for the scale of either standard. The 10.0 of the 
photographic scale has been combined directly with the 10 of the 
visual for the final section, without carrying forward the fainter 
mean types of the photographic. The individual estimates have, 
however, been included in the first section with the visual 
standard. The last column of weights is made up with a basis 
of ten double comparisons as the unit. 

The comparisons by the two standards show mutual progres- 
sion of the two scales up to 10.0 of the photographic. From 
10 to 11, however, there is apparently represented nearly the 
same type of the visual. But there is no way of distinguishing 
a star visually fainter than 10; and it is evident that if a group 
be taken, including any number of tens, the mean of the group 
will be brighter than 10 if one or more stars were estimated 
brighter. The 10 of the visual scale is probably best defined by 
the result in the first section alone. 

The mean value for this table is, V.—P.=—-—0.14 mag., whether 
taken directly or with weights for the separate classes, and there 
is not much deviation from uniformity. The photographic 
estimates are fainter than the visual. 

The explanation which has been given of Table II will apply, 
wholly, or in part, to the tables that follow. The method of 
combination, for the discussion of differences of magnitude, is 
the same that I used in all of the earlier comparisons of the 
scale with various catalogues, the results of which will be found 
in the Introduction to the Cordoba DM. 

In order to represent the Milky Way separately it will not 
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be necessary to give the detailed results, in the full form of the 
table preceding. Accordingly there is condensed, in Table II], 
the final or mean differences, derived precisely in the same 
manner as those of the last section of Table II for the complete 
belt. The third and fifth columns include the Milky Way, and 
in each column is given the number, half the sum of the com- 
parisons by both standards. The total for the column will be 
less than the whole number of stars compared, by one half the 
photographic estimates fainter than the 10.0. 

The scale of the photographic DJ. is seen to be in general 
one quarter fainter than the visual, outside of the Milky Way: 
while within those regions occur the only plus signs, indicating 
that the photographic is brighter than the visual. The change 
is more noticeable in the first crossing of the Milky Way. 


TABLE III. 
V.-P. GROUPS OF R. A. — 33° 

— — — = 
Mag. || rh-sh | No. 6h-8h No. | gh-1sh No. 16h—18h No. rgh-23h | No. 
7% —.10 | 7 40] 4 -.37 12 || —.28 9 —.10 6 
8 —— a | 3 —.26 | 2 —.29 4 |; —.20 2 -09 | 5 
7 — 4 —.17 10 +.04 3 10] 4 
8% --.06 | 16 —01 | 12 22} 21 || +.12 7 —.14] 
83 04 | II 13 | 21 -32 19 || +.03 7 8 
9 —.08 | 12 +.22/} 17 32 14 07 II 5 | 13 
9% —.07| 2 +.13 | 21 2 37 —.O1 15 29) 1 
9% —.28| 40 ||+.16] 57 ||—.30| 52 08 | 44 34 
9% -.31 | 24 +.15 54 20 29 17 64 3 22 
10 9 || +.03] 46 ||—33| 5 ||—23] 31 | —.38 | 14 
Stars 173 246 219 229 153 | 


The dense parts of the Milky Way are: 7"-8"; and 17°-18°. 


In Table IV, following, there is given the count of both 
catalogues for the zone compared, including in each, such stars 
as have been omitted from the other. The number of stars is 
given for the separate quarters, and the summation by quarters, 
with the percentages represented by these numbers. 
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The count of the visual scale closely resembles that of 
Table I, although the total includes but 7 per cent. of the num- 
ber of stars. In comparing, the limiting tenths of the quarters 
must be reckoned: 8.3, 8.6, and 8.9 for 84%,8%,and 83. The 
agreement of the scale at 6.9, 7.9, and 8.9 with the constant 6 
of the law of distribution, is excellent; but the tenth magnitude 
would evidently fall at 9.8 of the scale, by extending with the 
same constant. 

The photographic scale, in the brighter part, does not con- 
form to the theory, the stars from 7 to 8 falling behind. But 
this is possibly due to fainter estimates for the U. A. stars, which 
estimates have not been counted. The sums at 84% and 94% 
are in accord, and if all the faintest stars be grouped under mag- 
nitude ten, the g and 10 would agree with theory. In fact, 
the faint estimates are in such a small proportion to the stars 
above them, that one would be inclined to classify them farther 
up the scale, if uniformity were assumed. Considering the small 
variation of color, accepted for the fainter stars, there should be 
no reason for stars of 1034 being photographed, when those of 
9% do not produce animpression. And there is a noticeable fall- 
ing off at 9% of the scale, considered by itself entirely, which 
is ample internal evidence of the approach to the limit. It 
would appear that the expressions, by means of which the curves 
for magnitudes were extended below the standards, are not 
entirely in accord with the generally accepted increase in the 
distribution of the fainter stars. Of course a number of differ- 
ent plates are represented in this zone, but the characteristics of 
the whole belt are noticeable, as well, for smaller positions. In 
the dense parts of the Milky Way, the lower grades are, propor- 
tionally, much better represented. 

As regards the scope of the photographic DM. the sums at 
g and 9% would indicate, by the law of progression, that 
enough stars had been included up to this last grade. But by 
comparing the two catalogues the number at 9% of the photo- 
graphic is found to be not up to the scale of the visual, even 
allowing the proportional number of stars for the systematic 
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difference in scale. If, however, we take the sum at g mag. 
and make the proper allowance for the systematic difference 
(Table II) we find it covers the number at g visual, and the 
photographic DM. would appear to be complete to ninth mag- 
nitude of its own scale. Since the visual includes every star, 
estimated by the photographic as bright as 9.0, the complete- 
ness of the former at that point is pretty well assured. 


TABLE IV. 
COUNT AND PERCENTAGE. — 33° 20’ TO 30’. 
Visual DM. | Photographic DM. 

Mag. | Stars | Sum Per 1000} Sum, | Mag. Stars Sum. | Per rooo Sum. 
OA. 17 | 7 i 6 | U. A. | 7 17 16 16 
7-8| 47 | 64 | 17 | 23 || 7-8} 30 47 | 28 44 
8 21 | 185 alt of. 14 61 | 13 57 
84 24 109 8 38 «|| «8% 36 97 34 gI 
8% 68 277 sf 63 || 8% 68 165 63 154 
83% | 81 58 29 | 92 | 83% 61 226 57 211 

| 
9 80 338 29 | st i 9 59 285 | 55 | 266 
9% 161 499 58 179 || 9% 98 383 | or | 357 
9% | 395 894 143 | 322 || 9% 218 6or | 202 | §59 
9% 714 1608 | 260 { 582 | 9% 169 770 157 | 716 
10 1149 2757. 1 418 | 1000 10 | ior | 871 | 94 810 
10% 121 | 992 | 112 g22 
10% 64 1056 60 
| 1034 12 1068 II 993 
| | II 7 1075 7 1000 


The Uranometry stars include all to 6.9 mag. 


There follows in Table V a list of the number of stars miss- 
ing from either catalogue. It seems evident that the tenth 
magnitude has been generally included in the visual work. The 
missing stars occur entirely in the Milky Way, where the 
difficulty of observing all the stars in the densest parts would 
account for an occasional omission. For more than eighteen 
hours of the twenty-four the visual includes every star given by 
the photographic in this zone. Many of the stars missing 
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belong to pairs, or triple stars, for the separate components of 
which it would always be difficult to make distinct records. 
The photographic method presents here a decided advantage, in 
that no greater speed is required in measuring the most closely 
packed regions, and pairs can be picked apart at leisure. The 
rapidity of observation was not necessarily productive of bad 
estimates of magnitude, however ; one’s faculties are trained to 
alertness and to decision of judgment in such work, and it does 
not deteriorate with speed. 

The stars missing from the photographic DM. are mainly 
fainter than 9g of the visual scale. The few exceptions may, 
very probably, be of stars estimated too bright in the visual 
work. All brighter than g.2 lie outside of the Milky Way; and 
in general the proportion of missing stars is decidedly smaller 
in the Milky Way than in regions outside, corresponding with 
the evident difference in the relation of the two scales. 

Of the visual 10 that have been included in the photographic 
work three-quarters for this zone are within the Milky Way. 


TABLE V. 
STARS MISSING. —}33° 20’ TO 30’. 
From Vis. DM.* From Phot, DM. 
— 

No. | Phot. Mag. No. _ | Sum 
I 9.1 This star is close to 4 mag. I 8.7 I 
. 3 9.4 One of these is close to 7 mag. I 8.9 2 
3 | 9.7 One belongs to very close pair. 3 9.0 5 
2 9.8 | Both belong to wide pairs. 7 9.1 12 
I 9.9 | Close to 7 mag. 2 9.2 14 
21 |10.0to10.5| Some of these belong to pairs. 20 9.3 34 
4 | 22 9.4 56 
30 Total All of these stars are in the Milky Way, 40 9.5 96 
5" to 8; and 17" to 19°. 90 9.6 186 
118 9.7 304 
98 9.8 402 
272 9.9 674 
1038 10. 1712 


*I have looked up two cases of the brighter stars missing from the visual DAZ. 
with the meridian circle here. They were each of tenth magnitude. 
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The accidental error of the magnitudes deserves some con- 
sideration. The average difference between the respective esti- 
mates for the same star, and without taking account of the system- 
atic difference between the two scales, is 0.30, including all 
between 7 and 10 of the photographic scale. The stars fainter 
than 10.0 of this last have not been included, in the mean; 
they appear to belong to the grade of faint ten. 

The 10 of the visual has been rated at 10.0, and since but 
10 per cent. of the visual tens are included in the photographic 
in this zone it seems probable that those included belong to the 
brightest class, near an actual 10 of the visual scale. The aver- 
age difference does not show much variation between different 
parts of the scale, but is sensibly smaller for the faint stars from 
9% to 9%. 

The probable error of a magnitude, for stars of 10 or brighter, 
taken from either catalogue, would be +0.2 assigning the same 
weight to both authorities. 

At the same time that these comparisons of magnitude were 
made, the difference between the respective places has been 
taken out. The average difference in right ascension is 
+o*%.90. There is a considerable increase within the Milky 
Way, where it slightly exceeds 1°. No account has been made 
of systematic difference, but there is a decided tendency towards 
smaller right ascensions in the faint stars of the visual. This is 
unquestionably due to the fact that the stars were generally 
recorded at the time of extinction behind the opaque bar in 
the field of view. The faint stars disappeared at contact, nearly, 
while the brighter ones required a perceptible interval to pass 
from sight. The brighter stars, from which the reduction con- 
stants were necessarily derived, would thus be recorded too 
late with respect to the others. This difficulty was recognized 
at the time, and it was intended to record the dzsection of the 
bright stars by the edge of the bar. In the most hurried por- 
tions there was often not time to watch individual stars steadily, 
to obtain real bisections, and it is in these portions that the sys- 


tematic difference is most marked. It amounts to one second, 
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evidently, for considerable stretches of the Milky Way, the faint 
stars requiring a p/us correction to the right ascension. 

There are often a number of stars coming to transit within 
one second. In observing such combinations two or more were 
recorded for the same tap cf the chronograph key; but confu- 
sion between observer and recorder, or in the cbserver’s recol- 
lection of the group, was apt to result from combining more 
than two. It was accordingly necessary, at times, to tap con- 
sciously too early for some stars, on the approach of a group, in 
order not to have the taps too close on the chronograph, and in 
order to get in the necessary calls for the recorder without con- 
fusion. A star had often to be recorded when it had fairly 
passed contact, by including it in the record for the last preced- 
ing star. Thus there enter exceptional sources of occasional 
large errors in the visual right ascensions, especially in dense 
groups of stars. Less than I per cent. of the differences have 
been excluded in making this comparison, which may be taken 
to fairly represent the limit of accidental error. The prodbadle 
errors to be derived from the material, adjusting the respective 
errors in accord with the weight derived from direct comparison 
with catalogue places, would be 

p.e. Phot. +0%.4 
p. e. Visual +0°.7 

With respect to declinations the speed required in the denser 
regions had, in general, much less injurious influence; it was 
simply a matter of accustoming oneself to rapid and decisive 
estimates of tenths of the divided scale. The average difference 
of declination is +0 .34, slightly larger in the Milky Way than 
outside, no systematic error being evident, and without rejecting 
any discordant differences. As probable error this would be dis- 
tributed between the two catalogues : 

p. e. Phot. +0’.06 
p. e. Visual +0’.28 

It must be borne in mind that the unit of measure in the 
visual work is one minute of arc. The scale was divided into 
10’ spaces, and estimated to tenths only. It is evident that if 
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no errors were made in the observation, and the nearest tenth 
invariably recorded, the average error of a single determination 
of declination would be one-quarter of a minute, and one in five 
would have an error of half a minute. 

It is not likely that any observer records the nearest tenth 
invariably. There is often a distinct personality, by which cer- 
tain tenths are more often chosen. Thus between 2 and 3 and 
between 7 and 8 the uncertainty can well become real. I made 
tests, by counts of the tenths estimated by myself, at various 
times. The only noticeable tendency was to avoid the 5. As 
the point exactly half way is certainly 5, I apparently estimated 
the slightest shade either side of that, as 4 or 6. The declina- 
tions of the photographic work have been measured with the 
tenth of a minute as the unit. In considering the results of a 
comparison between the two systems, this should not be lost 
sight of; the absolute uncertainty of a determination, aside from 
the errors of observation, or of measurement, is ten times as 
large in one case as in the other. 

For the declinations of the Bonn Southern DM., Schinfeld 
used a scale divided into spaces 4’.5 long. His unit of meas- 
ure, consequently, comes between the other two. This point 
has nowhere been in evidence, in the comparisons which I have 
seen. 

The probable errors, derived from comparisons of the brighter 
stars with catalogue places, are given in the Introduction to the 
Cordoba DM. All of those comparisons were made by me, 
and I see no need of further extending or of modifying them. 
But the accidental error of observation is best derived trom the 
comparison of the individual determinations, and it is no larger 
for faint stars than for the brighter ones. 

From a large number of zones, discussed at various stages of 
the work, and from the compilation of the separate determina- 
tions, the following values represent the average probable error 


of one observation : 


A. 

Dec. + 
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In the catalogue, the comparison with the photographic 
shows that differences between the right ascensions of both, 
amounting to 3%, are not uncommon, including the systematic 
difference. In declination the maximum difference is about 
2’, and it rarely exceeds 1’. These errors, and their limits are 
matters of importance to those using the catalogues ; there is often 
an evident lack of judgment with respect to the positions. The 
uncertainty may be safely stated as not exceeding, on the average, 
the respective units: one quarter of a magnitude in brightness, 
one second of time in right ascension, and one minute of arc 
in declination. These may be fairly said to conform to the 
purpose of the work, and further refinement is not essential. 

The results for the 10’ zone — 34° can be briefly summed 


TABLE VI. 


° 


COMPARISON OF VISUAL AND PHOTOGRAPHIC MAGNITUDES. — 34 . 


| 
Visual standard Photographic standard | Mean difference 


V.—P. 


Vis. Phot. | Stars | V.—P.|) Phot. Vis. | Stars | Mag. | V.—P. Wt. 
7.51 | 7.88 | 47 .37 || 7.56 | 7.58 32 +.02 || 7% |—21 4 
| 

8.0 8.27 21 |—.2 8.0 | 8.04 9 +.04 | 8 [7 I 
8.27 | 8.54 35 |—.27 || 8.20 | 8.01 30 | —.19 || 8% | —.23 3 
8.51 8.79 65 | —.28 8.51 | 8.52 72 +.01 8% | —.13 7 
8.7 9.06 77 |—.28 || 8.81 | 8.93 75 +.12 834 | —.08 8 
9.0 9.24 77 |—.24 || 9.01 59 +.o1 |, 9 —.13 7 
9.24 | 9.41 145 |—.17 || 9.20 | 9.31 145 | +.11 9% | —.03 14 
9.53 9.69 323 | —.16 9.51 | 9.46 275 —.05 9% |—.11 30 
9.80 | 9.90 | 411 |—.10 |, 9.79 | 9.64 | 248 | —15 || 934 |—.12] 33 
10 10.15 2905 | ----1§ || 10.0 9.74 202 | —.26 | 10 —.19 25 

10.19 9.84 176 (—.35) 

1496 10.47 9.87 126 (—.60) 
10.78 | 9.91 47 (—.87) || Mean | —.14 


17 stars brighter than 7, from the Uvanometria Argentina, have been omitted. 


Also 6 differences of magnitude. 


Vis. Phot. Vis, Phot. 
9.3 10.8 dup. (2) 
9.4 10.8 8.2 9.4 
8.8 10.2 8.0 9.4 


: 
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up, they have been derived in the same manner precisely as for 
the preceding degree. Table VI includes the comparison of 
magnitudes for the whole belt. The mean difference is —o.14, 
or by weight —o0.125, the photographic scale being brighter 
throughout. The differences, with the visual estimates as 
standard, indicate a more nearly uniform progression in the types. 
The final mean difference should have largely eliminated varia- 
tions due to individual estimates. 

The average difference of magnitude for the two scales 
from 7 to 10 of the photographic, without taking account of 
systematic difference, is +0.29. This varies, however, from +0.18 
in one branch of the Milky Way, to +0.40in the other; the val- 
ues for stars outside being in accord with the mean. The average 
difference in right ascension is +0*.g9, ranging from +0.93 
outside the Milky Way to +1°.11 within, where the systematic 
error for the faint stars is most marked. The mean difference 
would be much decreased by application of the systematic cor- 
rection. The average difference in declination is +0’.33. These 
differ but slightly from the preceding degree, and no further 


discussion appears necessary ‘ 


TABLE VII. 


V.—P. GROUPS OF R. A. — 34 

Mag.' oh-6h No. gh-8h No. No. 
7% .O1 avers 32 9 
8 +.04 5 .00 I +.10 I 
84 +.01 3 3 
.07 17 15 4 9 
834 .06 15 7 
9 —. 36 II -03 10 2 10 
9% —.20 2 17 14 
9% —.27 39 +.02 36 16 51 
934 —.25 38 —.03 66 27 62 
10 -.44 14 -19 Te) 30 57 

Stars 200 290 288 


*The Milky Way is 7" to 8"; and 17" to 18. 
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TABLE VII— Continued. 


V.—-P. GROUPS OF R. A. —34°%. 

Mag.! r2h-16h No. 17h-18h No. rgh-e3h No. 

on | | | 
7% | —.45 | 9 | —06 | 6 | —13 6 
8 | -.43 3 +.10 I | —3i | 2 
84 —.4I 7 —.26 2 } —27 | 8 
.26 15 +.35 6 | 
834 -.33 17 +.32 16 | —.0o7 | If 
9 —.24 13 | | 10 —.19 | 8 
9% 30 28 +.44 37 —-.23 26 
9% 21 67 +.17. | 60 —.22 45 
9% 21 61 +.19 60 ||} —.22 | 41 
10 -.18 48 +.31 24 —37 | ™ 


Stars 291 233 194 


* The Milky Way is 7" to 8"; and 17" to 18°. 


In Table VII the material is divided to represent the Milky 
Way separately. The difference between the scales is evidently 
about one-quarter of a magnitude outside the Milky Way. In 
the first branch, the difference is extremely small, up to 10 
mag. In the second, the photographic estimates are one quar- 
ter brighter than the visual, for the greater part. There is thus 
represented a change, in the relation, of a full half magnitude. 

The zone through 8" of right ascension, in this degree, 
probably exhibits the photographic DM. at its best, and deserves 
some special consideration. There are but few bright stars, 
comparatively ; the scales differ systematically less than one 
tenth, and the visual 10 is estimated 9.9 of the photographic 
scale (8* only included); while the average difference is but 

0.18 per star. 

The actual number of stars in each list is important, and is 
a good criterion for each, in this case. The photographic has 
208 stars, of these the visual has omitted 2 of 9.8 and 33 of 
magnitudes below 10.0. The visual has 205 stars, of which 
the photographic has omitted 1 of 9.7, 1 of 9.9, and 30 of Io. 
In other words, there are missing, from either list, barely more 
than a few stars of the faintest grades ever included. There 
may be made objection, that there is here no actual standard of 
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comparison. But this is a case for the exercise of practical 
judgment, rather than for the logic of figures. With two exten- 
sive lists, the portion in each representing some of the densest 
regions observed, each list being subject to systematic and acci- 
dental errors, and to mistakes of record and of observation, the 
mutual agreement indicates a degree of efficiency nearly 
approaching the complete purpose of the work. The photo- 
graphic has to contend with the errors introduced by color, 
and with differences in the plates, the exposure, and in conditions 
of the sky. The visual has mainly to contend with the difficul- 
ties arising from the necessary rapidity of observation and esti- 
mate. The number of stars rises above 30 per minute, in this 
hour, for a degree in width. This distribution is, however, much 
exceeded in the other branch of the Milky Way. 

This zone, through 8, is the only case in which the photo- 
graphic DM. includes more stars in one hour than the visual, 
for the regions compared. From 100 per cent. in this hour, the 
photographic falls to 20 per cent. of the visual, in other hours 
of the same degree. This is a large variation ; it implies a dif- 
ference of more than a whole magnitude in the scope of one list, 
or the other, for different portions. 

Table VIII gives the number of stars, and the corresponding 
percentage, in each list. The percentages of the visual will be 
found to be in accord with Table I. 

The count of stars, in the photographic evidently begins to 
fall off at 9%. If we compare the count for the two at this 
point, it will be seen that by adding a sufficient number of stars 
to correspond with the systematic difference in the scales of 
magnitude, the photographic summation will be brought up to 
the visual. The photographic total is 59 per cent. of the visual, 
precisely the same as for the mean of the four degrees south 
of — 34. 

For the contents of Table IX, in general, no explanation is 
required. But the zone through 17" and 18" deserves treatment 
apart. The number of faint stars, missing from the visual, 
exclusive of 17" and 18° is three times as large as for the 
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TABLE VIII. 


COUNT AND PERCENTAGE. —34° 20’ TO 30’. 
Visual DM. | Photographic DM. 
Mag. Stars Sum, | Per 1000 Sum, Mag. | Stars Sum, | Per 1000 Sum, 
a. ms 17 17 | 6 6 U.A. 17 17 10 10 
7-8 | 47 64 | 17 23 7-8 32 49 19 29 
8 21 85 | 8 31 8 | 9 58 5 34 
8Yy 37 122 ; 13 44 84 30 88 18 52 
8% 66 188 24 68 8% 72 160 44 96 
8% | «697 265 28 | 96 || 83% 75 235 46 142 
9 | 78 343 28 124 || 9 59 294 36 178 
9% | 149 492 54 178 || 9% 145 439 89 267 
9% | 381 | 873 137 315 } 9% 300 739 182 449 
9% | 740 | 1613 266 581 9% 264 1003 161 610 
10 1163 | 2776 419 1000 || 10 209 1212 127 737 
|| 10% 206 | 1418 125 862 
10% 146 1564 89 951 
| | 10% 81 1645 49 1000 


The Uranometry stars include all to 6.9 mag. 


degree preceding. There are none missing from 21" to 6°, 
inclusive. 

The photographic now includes 25 per cent. of the visual 10; 
and it omits but one-fourth as many of the stars to visual 9%, 
as in the preceding degree, and but one-third as many to 9%. 

The photographic scale is sensibly different, in 17" and 18°, 
from that in any other region compared. The limit of the esti- 
mates for the full degree, from 17" 29™ to 18" 45", is 9.8, and 
for the last half of 17" it is 9.6. At the point of division, mid- 
way of 17", the photographic scale changes one-half mag. with 
respect to the visual, at the same time that the limit drops from 
10.2 to g.6. 

This corresponds with the omission of a comparatively large 
number of stars from the visual DM. They lie, mainly, within 
the limits of the cluster, 7 Messier in Scorpius, which is included 
in Gould’s photographic clusters. But one star of those missing 
in this zone from the visual DJVZ. is in the Cordoba General Cata- 
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logue clusters, recorded as 10 mag., and this star is not in Gould’s 
photograph. The estimates of the photographic DW. are a full 
half magnitude brighter than the estimates of the G. C. cluster 
in this section of the zone. 


TABLE IX. 


STARS MISSING. —34° 20’ To 30’. 
From Vis. DM. | From Phot. DM. 
No. Phot. mag | No. Vis. mag. Sum. 
I g.6 | These § stars are in the first branch of the I 8.5 I 
4 9.8 | Milky Way, 7" to 9. 
I 9.0 
7 10.0 Of 91 stars, 10 mag. and fainter, 68 are in the I 9.2 3 
30 10% first branch of the Milky Way, 7" to 9". 5 9.3 s 
20 10% 7 9.4 15 
34 | 10% Many missing stars belong to pairs. 15 9.5 30 
— 30 9.0 60 
96 Exclusive of 17" and 18°, gI 9.7 157 
ss 9.8 215 
24 9% In 17". Phot. limit 9.6. 180 9.9 395 
12 93% In 18", Phot. limit 9.8. 
—— SOS 10 12603 
36 See reference to these stars in text following. 
132 Total. 


In observing these clusters with the meridian circle, estimates 
were made as faint as 11. I was unable to reconcile the extremely 
faint estimates, made by the other observers, with my own scale 
based upon previous practice with the larger telescope of the 
Albany meridian circle; but the observation of so many faint 
stars, at this time, probably established the uniformity of the 
scale down to magnitude 10. 

The evidence seems to be pretty conclusive, that for this 
special section of the photographic DM. the faintest stars are 
recorded much too bright; and that the visual has omitted only 
such stars as ordinarily were below its limit. 

The number of stars per degree reaches 60 for one minute 


of right ascension in 17". Such thick clusters were occasion- 
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ally observed by narrowing down to a zone of 20’ in the Durch- 
musterung work, making it entirely feasible to obtain all the stars 
that were recognized as being within its scope. 

There remains the direct exhibition of the two adjoining 
degrees, and this is effected in the columns of Table X. The 
summation of the count to each quarter magnitude is given, 
and the difference in the scales for each type. 

The two degrees of the visual are in noticeable accord with 
respect to the summation. The same may be said of the 
photographic up to 9. At 9% is indicated the commence- 
ment of the increase in the extension of the photographic 
record, which becomes more strongly marked as the faint end 
is approached. The scales are, however, still in accord for the 
same method. The systematic difference between the visual 
and photographic scales has virtually the same character in 
both degrees. 

The summation of the photographic will be close to that of 


TABLE X. 
COMPARISON OF —33° AND —34° 
Visual DM. Phot. DM. || Vis.—Phot. 
Mag. Sum. Sum. Sum, Sum, | A Mag. 4 Mag. 
33 34 33 ~34 et | —34 

U.A 17 17 17 17 /|— 
7-8 64 64 47 49 —.26 —.21 

8 8 5 oI 5s —.19 17 

84 109 122 97 8S —.14 23 

84 77 105 160 —.09 

834 253 205 220 235 | 08 

9 338 343 285 294 —.06 {| —.13 

9% 499 492 383 439 | —.53 03 

9% 894 873 ol 739 —.14 

934 1608 1613 770 1003 
10 2757 2776 871 1212 —.18 —.19 
10'4 10560 1564 
1034 1068 1645 
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the visual, at 9 in — 33°, and at 9% in — 34°, if the number of 
stars, proportional to the systematic difference in magnitude, be 
added. 

A short list of errors in print, for the two volumes that have 
been under comparison, is given here. No mistakes have been 
assumed in making the identification of the stars, though occa- 
sionally the adoption of a 10’ error would have brought the 
places of a faint star from each list into agreement. 

The two cases of 10’ discrepancies noted below may very 
probably be real mistakes, they are of the nature most likely to 
occur in the direct observation as a result of misunderstanding 
by the recorder, or of actual error in count by the observer. 
If there are two mistakes, and both in one catalogue, it is a 
small number to be detected in the rigorous comparison of 2500 


stars. 
CORRIGENDA. 
PHOT. DM. VOL. 1. 
CORDOBA VOL. XVII. 
Omission of catalogue reference. 

Page Star Page 
105 Head of first column, 477 3867 2Z.C. 9g 

read 15", in place of 14. 485 5830 9g 
124 read U.A. in place of 514 6433 4. C. but the A 


<. Dec. is 2' 
Mes. Vis. DM. has two stars. 
137. 5903 9.9 The figures have 
5904 9.5 slipped down to the 5 8763 G.C. g% but the AR. 
5905 7.6 following star. A. is 3°. 
5906 9.9 Precedes 734 closely. 


10’ DISCREPANCIES. 
Visual. Photographic. 
Mag. Dec. Mag. Dec. 
9.5 
21 


4 517 6986 10.2 26'.2 
167 14821 9.4 525 


8851 11.7 


As general conclusions the two scales may be stated to have 


a systematic difference of one quarter of a magnitude outside 
the Milky Way, the photographic estimates being the fainter. 
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This difference nearly disappears within the Milky Way and is 
for the following branch of — 34°, actually reversed in sign, the 
photographic being one quarter brighter than the visual. The 
two portions of the photographic DM. north and south of 
— 34°, have in general a consistent scale of magnitudes, but the 
full scope of the latter is from 4% to % a magnitude greater. 
Completeness to the ninth magnitude is pretty well assured. 

The extremely faint estimates of the scale belong, probably, 
to stars near the tenth magnitude, and the real extent of the 
photographic reproduction of the sky has much smaller varia- 
tion than the difference of nearly two magnitudes(g.6 to 11.4), 
in the limit of estimates, would imply. 

The influence of color is not greatly in evidence, unless the 
variation at the faint end, where it is least to be anticipated, is 
taken as indication. 

The measurement of the plates is less likely to be influenced 
by systematic error in right ascension than was the direct 
observation. In either case the positions meet the requirements 
of the work with respect to accidental error and mistakes appear 
to be rare. 

The evidence of the standing of the visual Durchumsterung is 
additional recompense for the employment of seven years in 
earnest and willing aid to its accomplishment. 

Lick OBSERVATORY, UNIVERSITY OF CALIFORNIA, 

March 15, 1898. 
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THE CAUSTIC OF THE RIGHT PARABOLIC CYLINDER. 
By C. W. CROCKETT. 
Let OP be the parabolic director, O the principal vertex, 
F the focus, and Pany point on the arc. Let SP be the direc- 
tion of the rays of light, parallel to the plane of the parabolic 
director and making the angle a with the axis O/; then PD 
will be the reflected ray corresponding to S P. 


With the pole at F and the initial line extending from F 
towards O, let 
coérdinates of P, 
r, 0 coérdinates of any point D on P D, 
and OF. 
Then from the equation of the parabola, 
p Ypse? - - - - (1) 
1+ cos 6 
From the triangle PD F, 
rsin {a + 0’—@) sina; 
(a+ psina sec? % @’=0 - (2) | 
Equation (2) is the equation of the ray reflected from the 
point whose vectorial angle is 8’. To find the equation of the 
caustic, 0’ must be eliminated between (2) and its first deriva- 


tive with respect to 6’. This derivative is 
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r cos (a+ 0’—@)— psina sec? 8’ tan % - (3) 
Substituting the value of % / sin asec? % 8’ from (2) and 
reducing, 
cot (a + @)—tan 6’; 


(90°+O—ea) - - -.- (4) 
or 6 $0’ + a—go° - - (4’) 
Substituting (4) in (2) and reducing, the equation of the caustic 
becomes 
rsin’ (60°+ - - - (5) 
The coérdinates of the point nearest the focus are 


r,=V%psina,@,=a—go° - - - - - (6) 

If the vectorial angles are measured from this minimum 

radius vector instead of from the axis, and if 0, represents the 
new vectorial angle, 


6.=90°+0—a - - - - - - (7) 
and (5) becomes 

psina 


showing that the caustic is symmetrical with respect to the 


minimum radius vector. 
From (4’) and (7) 


- -- +--+ = (9) 


The length of the arc of the caustic corresponding to a 
mirror with the angular aperture 2 0’ is 
s--3psina (tan % \& tan’ % OB’) - - (10) 
Fig. 2 shows the portion of the caustic that falls within the 
mirror when a-- 30° and the aperture is 240°, the degrees 
marked along the caustic being the vectorial angles of the 
corresponding points on the parabola. 
In Fig. 3, the angular aperture 2 0’ is 40°, and aoé is the 
caustic formed when a —- 30°, a corresponding to A, 0 to O, and 
6to B. Ifa is less than 30° the points a, oe and 6 will fall 
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nearer the focus, the arc ao 6 will be shorter, and the points a, 0 
and 6 will describe the circular arcs a fF, oF, and dF respec- 
tively as a approaches zero. 


The extreme rays 4 a and Bé (Fig. 3) meet the line Fo at 
£ and the cross section of the system of rays is o£. The 
coérdinates of the point 0 are (% p sin a,a—go°). The 
direction angle of £ is also a—go°; substituting this for @ in 


(2) gives 


psina 


= FE—Fo=% psina(—o 
which reduces to 
=¥% psina tan’? % 0’ 
If the angle at the vertex of the mirror subtended by o£ 
(zt. ¢.,0 OE) is represented by y, 


og 
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tan y= — tana tan’ - (18) 


equivalent to the final expression for tan y derived by Dr. 
Poor.’ This applies, however, to the parabolic cylinder and not 
to the paraboloid of revolution. 


RENSSELAER POLYTECHNIC INSTITUTE, 
March 24, 1898. 


*This JOURNAL, February 1898, p. 119 and Ast. Jour., 420, p. 90. 
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THE PARABOLIC MIRROR. 
By C. W. CROCERTT. 


Let O-APB bea paraboloid of revolution, O the principal 
vertex, / the focus, P any point on the circle A PB whose 
plane is perpendicular to the axis, and PN the normal at P. 


Let the incident rays, such as / P, be parallel to the vertical 
plane A OF and make the angle a with the horizontal plane 
BOF,and let PR be the reflected ray corresponding to /P. 
Then the ray reflected from any point / on the circle APB 
must pierce the vertical plane A O F somewhere in the line VR 
drawn through ‘V parallel to //?,; for if a plane be passed 


through /P parallel to the vertical plane A OF, the plane /PR, 
362 
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containing 7P, PN and PR, must intersect the parallel planes 
in the parallel lines 7P and NV XR. 


Let v=<JPN=< NPR, 


y= F P, 

OF P, 

p= CH, 
p= OF, 


Ww = angle between the vertical plane A OF and the 
plane P C N through the axis O N and P, 
=<ACP. 
I. In the plane triangle PF N, PF = FN. 
<FPN=z=<FNP= €. 
PN=psec @. 
II. Constructing a sphere about ? as a center, the planes 
JPNR and HPNF cut two intersecting arcs of great circles, 
which with the arcs cut by the planes /P 7 and / PR form two 


| congruent spherical triangles, from which we find that the plane 
angle / P R-—aand the dihedral angle VP F- R PF-~180°— 

III. Constructing a sphere about J, the planes / VP, FN R, 
and PNR give a spherical triangle having two sides and the 
included angle equal to two sides and the included angle of the 


triangles formed when the sphere was passed about P. 


.*. Plane angle PVN 


Hence in the plane triangle P V R, we have 
<PNR=< NPR. 
IV. In the plane triangles RP and FRAN, it has been 
shown that 


Hence the two triangles are congruent, and the triangle 
FPR may be brought into coincidence with / VX by revolu- 
tion about FRX. 
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V .Pass a plane DF N (Fig. 2) through the axis, making an 
angle y, with the vertical plane A O F, and represent the plane 
angle NF D by @, and the radius vector FD by ,. Then from 
the plane triangle PFD, 


ysina r,sin 
r,--rsinacosec (yta) - - - - - (1) 


where y= DFP. 


VI. Constructing a sphere about F, the planes PF N, DFN, 
RFN and PF R will cut the surface in a figure, similar to that 
shown in Fig. 3, where 

DP=y, P N=180°—-0, DN—0,, DNP—¥,-¥, 
RNP 180°—v RPN 


(shown in Section II1). Hence 


sin 
cos — cos 6 cos 6,-+ sin 6 sin 6, cos (3) 


sin 6 cot 6,= —cot w sin (¥,—yW)—cos 6 cos (y,—y) (4) 


VII. To find the point where the reflected ray pierces the 
plane through the focus perpendicular to the axis, make 0, — 90‘ 
in Eqs. (1), (2), (3) and (4). 


| 
P 
~ 180 
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D 6. 
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tan = — cos 6 tan 
sin y= sin (=) | | 
sin w [ 
cos y sin 6 cos (W,—W) | 5 
rsina 
r, 
sin (y+a) ] 


VIII. When @ is less than g0°—a, the following conditions 
must be satisfied in Eqs. (5): 

for <go°; v,>180°, between go° and 270° ; 
for >9g0°; 180°, numerically less than go°. 
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Conclusion. Assuming that a= 1° and considering the circles 
on the paraboloid such that @ has the values 0°, 0°30’, 0°40’, 
1°00’, 1°20’, 1°30’, 2° and 3°, Eqs. (5) lead to the results 
shown in Figs. 4 and 5, the latter figure showing the upper part 
of Fig. 4 ona larger scale. The plane of the paper is the focal 
plane, the vertical line / A passes through the focus which is 
above A at the distance }/ tan 1°, and the vertex of the 
paraboloid is behind the paper, so that the observer is looking 
towards the vertex. In Fig. 4 the distance A /7-~ 0.0000199 Xx $/ 
and in Fig. 5 A #&"--0.0000029 x }/. The diagrams show 
the results corresponding to ¥ from O° to 180° —z. ¢., for half 
and the curves should therefore be symmetrical 


the mirror 
with reference to the line / A. 
The traces are as follows: 


for@=-o°, the trace is the point 4; 
0°30, the trace is the curve B (Fig. 5); 
0°40’, the highest point of the image is at C; 
1°00’, the trace is the curve D™ D" D* D; 


1°30’, the trace is the curve 
2°00’, the trace is the curve G"' GY G" G'G; 


0 
0 
0 
— 1°20’, the trace is the curve (Fig. 5); 
0 
0 
0 


3 00’, the trace is the curve H™ H. 


The curves were constructed from the points marked in the 
diagrams, as they indicate the forms of the curves with an 
accuracy sufficient for the purpose of this article. 

It will be noticed that as @ increases from o°, the trace 
starting as the point A becomes a curve similar to 4, the highest 
point moving upwards until it reaches C, then the trace becomes 
similar to D, the highest point that lies on the line / A moving 
downward, in the # curve coinciding with A. The loop first 
appears when @-=1°25' approximately, increasing in size 
through the form of the / curve to that of the G, after which 
the trace is similar to /Z. 


RENSSELAER POLYTECHNIC INSTITUTE, 
March 24, 18938. 
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COMPARISON OF OXYGEN WITH THE EXTRA LINES IN 
THE SPECTRA OF THE HELIUM STARS, B CRUCIS, ETC., 
ALSO SUMMARY OF THE SPECTRA OF SOUTHERN 
STARS TO THE 3% MAGNITUDE AND THEIR DISTRIBU- 
TION.’ 

By FRANK MCCLEAN. 

IN a previous paper read before the Society on April 8, 1897, I 
suggested that the special lines present in spectra of the first 
division of helium stars (Type I, Division Ia) might possibly be due to 
oxygen. These stars are associated by their position and distribu- 
tion with the gaseous nebulz, and some of the lines in their spectra 
correspond with bright lines observed by Campbell in nebulae. The 
suggestion from this was that these stars are in the first stage of 
stellar development from gaseous nebule. 

The special lines referred to are the extra lines which distinguished 
these spectra from those of the remaining helium stars of Divi- 
sion 14. 

The indications in the spectra of the northern stars that these 
extra lines are due to oxygen are slight, as the lines at best are 
indistinct. Among the southern stars, however, there are several in 
the spectra of which these lines are better defined, and there is one, 
viz., 8 Crucis, in which they are very fairly defined. 

The following stellar spectra are mounted on the plate presented 
to the Society, viz., « Orionis, 8 Scorpii, 8B Canis Majoris, 8 Centauri, and 
8B Crucis. These photographs are intended to show the gradual 
improvement in the definition of the extra lines, between « Orionis and 
B Crucis, and to indicate their identity of origin throughout. 

The extra lines in the spectrum of 8 Crucis are singled out by com- 
parison with another helium star, viz., « Argus, of Division 14, in which 
the extra lines do not appear. The lines are drawn out by themselves 
below the spectrum of B Crucis. They are then compared directly by 
juxtaposition with a drawing of the spectrum of oxygen as tabulated 
in the spectrum of air by Neovius (Stockholm, 1891, and Appendix E, 
1894, of Watts’s Index). 

This comparison shows a close correspondence in the grouping of 
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the extra lines with the spectrum of oxygen. The most remarkable 
correspondence is in the case of the large group on either side of 7. 
A slight shift of about a tenth-meter is required to bring the groups 
into identical positions. However, the close similarity of the whole 
grouping ot the two spectra as they appear on the plate admits of little 
doubt that the extra lines actually constitute the spectrum of oxygen. 
If this be established the spectrum of the first division of helium stars 
would be due to hydrogen, helium and oxygen. 

The scale attached to the spectra is based on standard lines that 
can be identified with certainty in the stellar spectra. It is interpolated 
between the standard lines. Its position in relation to the spectra is 
determined by the hydrogen lines. The wave-lengths employed are 
in accordance with Angstrém’s scale. 

On the original negatives the distance between (H) and (F) meas- 
ures about 1 inch. The negatives are enlarged about eight and a half 
times. It is difficult to fix the position of the lines — and especially 
of the hydrogen lines— on these enlargements with sufficient accuracy. 
A further correction than this would account for is, however, required 
in order to reduce the two spectra to exact coincidence. I believe it 
should be sought to some extent in a reéxamination of the adopted 
wave-lengths of the hydrogen and of the oxygen spectra. 

The spectrum of y Argus is given on the plate in order to identify 
it as a helium star. it contains two crucial lines of helium. The 
Wolf-Rayet stars, of which it is the principal example, are thus classified 
as helium stars. There are also some coincidences between the bright 
lines of y Argus and the spectrum of oxygen, which suggest a possible 
connection. 

The spectrum of » Centauri is also given as a bright line helium 
star. The bright lines in this case are due to hydrogen, and the spec- 
trum resembles that of y Cassiopeie. The spectrum of y Centauri is 
similar. 

I take this opportunity of presenting a summary of the spectra of 
116 stars to the 344 magnitude in the Southern Hemisphere. They 
were photographed between May and October last by means of my 
own object-glass prism, mounted in front of the Cape astrographic 
telescope. This instrument, which is similar to my own telescope at 
Rusthall, with which the spectra of the northern stars were photographed, 
was kindly placed at my disposal by H. M. Astronomer, Dr. Gill. It 
may be a little time before the actual photographs of the stellar 
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spectra are ready for presentation, and meanwhile the results are of 


interest. 


In my previous paper I divided the sphere into eight equal areas 
consisting of two galactic equatorial areas and two galactic polar areas, 


situated on either side of the galactic equator. 


TABLE I. 
PHOTOGRAPHIC STELLAR SPECTRA—STARS TO MAGNITUDE 3%. 


The northern stars 


SUMMARY OF SOUTHERN STARS—REGIONS BB, CC, AND DD. 


Mag. | 
Aquila 
3-3 
Ara 
a 2.9 
2.8 
3.6 
3-2 
Argo 
a 0.4 
B 2.0 
3.0 
2.2 
€ 2.1 
¢ 2.5 
6 2.9 
t 2.5 
K 2.7 
2.5 
2.9 
v 3.5 
é 3-4 
2.7 
3-2 
3-5 
3-2 
3-4 
Canis Major 
a —1.4 
2.0 
6 1.9 
€ 5 
3.0 
n 2.4 
02 3:0 
Carpricornus 
3-4 | 


Area Mag. Div Area 
Centaurus 
CC a 0.7 IV ce 
B 1.2 I (a) BB 
Y 2.4 I (4) BB 
6 | 2.8 II BB 
€ | 2.6 I (a) BB 
cc | 2.7 I (4) BB 
co i n | 2.5 I (4) BB 
0 | 2 IV BB 
| 3.0 Ill BB 
kK I (4) 
| 3-4 I (4) 
= I (a) BB 
ce Circinus | 
a | Ill 
Columba 
CC a | 27 | 1(4) | CC 
BB B | 2.9 IV cc 
BB 
CC Crux 
BB a 1.3 I (a) BB 
co B 1.7 I (a) BB 
BB y 2.0 Vv BB 
3-4 I (4) BB 
cx Doradus 
a 31 | I (6) DD 
| 
Eridanus 
cc a 1.0 | I (4) DD 
et 6 2.6 II DD 
cc | | I (4) DD 
cc x | 4 DD 
CC || Grus 
cc a | 1.9 | 1(4) | DD 
22); V DD 
3.0 | I DD 
€ | as DD 


I (4) 
1(4) | 
IV | 
I (a) 
| Iv | 
| 
| 
1 (6) | 
| | 
1 (4) | 
| 
1 (4) | 
| 
IV | 
| 1 (4) | 
| 
Iv | 
| 
IV | 
IV 
Ill 
I(a) | 
I (a) 
1 (4) 
I (4) 
1 (4) 
| 
| 
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TABLE I — Continued. 


Mag | Div Area Mag Div. Area 
Hydrus | Piscis Austr. | 
a 2.9 Ill | DD a | 1.3 II DD 
B 2.7 | IV DD | 
V DD Recticulum 
a IV DD 
Indus 
a 3.1 IV DD Sagittarius 
Lepus 6 | 2.8 IV cc 
a a9 III cc € | I (4) cc 
B 3.0 ¢ 2.9 II 
€ 3-3 IV 25 n | 3.0 V Co 
3.3 I (4) IV CC 
3.1 
Libra 4.3 I (4) 
o (20) 3.2 \ BB p 3-3 I (4) cc 
Lupus Scorpius 
a 2.6 I (a) BB a | @ \ BB 
B 2.8 I (a) BB B' 2.9 l(a) BB 
I (a) BB 65 | I (a) BB 
6 7 I (a) BB € 2.2 lV BB 
€ Be I (4) BB 0 2.1 III CC 
3.3 III CC 
Musca K 2.6 I (a) CC 
@, 2.9 I (4) I (a) Co 
3.4 I (4) ce 3.6 I (a) BB 
wT 3.1 I (a) BB 
Ophiuchus o 3.0 I (a) BB | 
B 2.9 IV BB T 2.9 I (a) BB 
¢ 2.8 I (a) BB uv 2.8 I (4) CC 
n 2.6 li BB 
0 3.4 I (4) BB Serpens ; 
K 3.4 IV BB n 3.4 IV BB | 
Pavo Telescopium 
a 3.5 I (4) DD a 3.5 I (4) CC 
3-3 III DD 
6 3-5 lV _ DD Toucan 
a 2.8 IV DD 
Phoenix Triangulum 
a 2.4 IV DD a 3.3 lV CC 
B 4.3 IV DD 3.1 lil CC 
¥ 3-4 IV DD 3.1 Il CC 


NoTe.—The magnitudes are taken from the Nautical A/manac (or from Gould). 


already given occupy the upper or northerly lateral areas A, B, C and 
D, also the southerly area AA. ‘The southern stars now given occupy 
the lower or southerly lateral areas BB, CC and DD. Their photo- 
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graphic spectra are distributed into these areas, and are classified on 
the same system as inthe previous paper. The table of distribution 
for the whole sphere by areas and classes is given below. 


TABLE 


SUMMARY TABLES OF DISTRIBUTION OF GASEOUS NEBULAE AND 
OF STELLAR TYPES. STARS TO THE 3% MAGNITUDE. 


Stellar types A | B | C | D | Total | AA | BB | CC | DD] Total 


Planetary nebule ...... 
Extended nebulz....... 


Total gaseous nebulz. | 


Nore.— Extracted from table in Frost’s edition of Scheiner’s Astronomical 


Spectroscopy. 
Na. 2 
Stellar types a | | D | Total | BB| CC} DD | Total 
- — —- — 
3 6 | 17 3 (29)| 6 | 23 | 25 6 | (60) 
. eee 10 7 fe) 3 (20) 3 2 5 3 (13) 
Mi.. 7 8 8 4 (27) | 9 I 9 2 (21) 
a eae 14 8 9 13 (44) 9 9 16 9 (43) 
I 2) 4 3 (10) | 3 3 I 2 (9) 
35 | 31 | 38 | 26 | (130) | 30 | 38 | 56 ; 22 | (146) 
No. 3 
Stellar types A |B | C| D | Total | AA | BB | CC | DD | Total 
6 13 (29) 6 | 23 | 6 (60) 
Il and Ill..... 17 15 8 | 7 (47) | 12 | 3 14 5 (34) 
15 10 13 16 (54) | 12 | 12 | 17 11 | (52) 
35 31 38 26 = =(130) | 30 | 38 | 56 22 | (146) 
No. 4 
Stellar types A and AA’ Band BB|CandCC Dand DD) Total 
29 18 22 12 (81) 
65 69 | 94 48 (276) 
| 


No. I. ie 
4] 8] 1} 4] 3] 2] 
16 | 6 | (32)| 3 | 6 | | (21) 
| 
| 
2 
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There are in all 89 helium stars (Division I), distributed 71 in the 
galactic zones and 18 in the galactic polar areas, the areas being equal. 
There are 29 in the upper galactic zone (B and BB), and 42 in the 
lower galactic zone (C and CC). There are g in the upper polar areas 
(A and AA), and g in the lower polar areas(Dand DD). There are 23 
in the northerly halves of the two galactic zones (B and C) and 48 in 
the southerly halves (BB and CC). 

The 81 stars in Division II, the Sirian stars, and Division III, the 
Procyon stars (which along with Division I constitute Secchi’s Type 1) 
are rather irregularly distributed throughout the sphere. ‘There are 
40 in the galactic zones and 41 in the galactic polar areas. ‘There are 
18 in the upper galactic zone (B and BB) and 22 in the lower (C and 
CC). There are 2g in the upper polar areas (A and AA) and 12 in the 
lower (D and DD). To the extent of the observations there is no con- 
densation of stars of Divisions II and III in the galactic zones as there 
is in the case of stars of Division I. 

The 106 stars in Divisions IV and V (II and III of Secchi’s types) 
are fairly evenly distributed throughout the sphere. There are 52 in 
the galactic zones and 54 in the galactic polar areas. There are 22 
in the upper galactic zone (B and BB) and 30 inthe lower (Cand CC). 
There are 27 in the upper polar areas(A and AA) and 27 in the lower 
(D and DD). 

The general distribution of the types of spectra throughout the 
sphere to the extent of the observations bears out generally the con- 
clusion that stars with spectra of the more advanced types, in order of 
development, are evenly distributed in space. Also that stars with 
spectra more recent in order of development are mostly congregated 
in the galactic zones. The helium stars of Division lare predominant 
in the Southern Hemisphere, being congregated in the lower or south- 
erly halves of the galactic zones (BBand CC). They include 48 stars 
out of a total of 94 stars in those areas. ‘They are also more closely 
congregated in the vicinity of the galaxy than is the case in the north- 
erly halves of the galactic zones. In the contiguous constellations of 
Musca, Crux, Centaurus, Lupus and Scorpius, there are 27 helium stars 
out of a total of 36 stars included in the tables. (The distribution of 
the helium stars throughout the sphere was illustrated by two small 
hand charts, not reproduced, on which these stars are colored red.) 
Apparently the region in which the first stage of stellar development 
is now most active lies in the southerly half of the galaxy. 
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ARC-SPECTRA OF ZIRCONIUM AND LANTHANUM." 


By HENRY A. ROWLAND and CALEB N. HARRISON. 
SOLAR LINES FOR STANDARDS. 


PLATE 32.—ZIRCONIUM. 


Micrometer 


| 


|, Micrometer 


reading Standard Difference reading Standard Difference 
3050.217 .212* +.005 3218.399 .390 +.009 
3053.180 873 +.007 || 3224.382 +.014 
3055.823 821* +.002 { 3232.412 -404 +.008 
3061.931 +.001 3260.393 +.009 
3077.303 .000 3267.840 +.001 
3078.145 .148 —.003 | 3274.096 .092T +.004 
3086.900 891 +.009 | 3.287.795 +.004 
3094.740 -739 +.001 | 3292.174 | .174T .000 
3095.013 .003 | +.010 || 3295.954 | .957 —.003 
3115.166 160 +.006 | 3302.505 .5o1T +.004 
3121.284 2757 +.009 || 3306.475 .471T +.004 
3129.900 882 | +.008 3308.925 .g28T | —.003 
3137-456 -441|| +.015 | 3318.158 .163T | 005 
3140.887 .869 +.018 || 3331.750 | .741T | -+.009 
3153.882 .870 +.012 | 3351.871 .877 —.006 
3167.299 +290 +.009 3356.215 .222 —.007 
3172.187 1757 +.012 3405.230 | .272T —.042 
3176.118 +.014 3406.549 | —.032 
3188.173 +.009 | 3406.916 | 955 —~-.039 
3200.033 .032 +.001 
PLATE 36.—-ZIRCONIUM. 

Standard Difference | Standard Difference 
3406.550 581 031 3486.029 .036T —.007 
3406.920 .035 3490.704 -721* —.017 
3425.706 721 3491.464 -464 .000 
3440.7 30 -7590* —.029 || 3500.993 .993T .000 
3441.125 .135* —.010 3510.990 .987 +-.003 
3456.368 016 3518.487 .487t .000 
3465.972 .ggit —.019 || 3521.404 .404t .000 
3475.578 5947 | | 3540.263 .266T | —.003 


* Attention is called to the fact that in the following tables the symbols *, fT, f 


represent the relative weights assigned to standards, and are in ascending scale of 


magnitude. 
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Micrometer 
reading 


3545-339 
3549-149 
3550.003 
3558.662 
3564.680 
3570.228 
3581.335 
3583-478 
3597-188 
3609.009 
3612.214 
3618.920 
3623.325 
3623.598 
3631.615 
3640.5 30 
3647-997 


Micrometer 
reading 


3883-757 
3897.589 
3905-057 
3924.063 
3925-335 
3926.123 
3937-479 
3941.020 
3942-550 
3950.097 
3950.435 
3954.001 
3957-150 
3960. 430 
3971.478 
3977-895 
3981.916 
3984.080 
3986.906 
4016.57 
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PLATE 36.— ZIRCONIUM — continued. 


Standard 


Standard 


Micrometer 


Difference - 
reading 


+.006 3652.677 
+.004 3658.6086 
—.003 3667.387 
—.008 36080.047 
.000 368 3.186 
+.003 3684.247 
—.009 3695.178 
-.005 3707.170 
—.004 3716.578 
—.006 3727-766 
.003 3732.528 
—-004 3747-075 
.007 3780.829 
-.005 3781.309 
.004 3783.656 
—,006 3788.058 
+.002 


PLATE 40.—ZIRCONIU 


Micrometer 
Difference 


reading 
.016 4016.578 
--,O10 4029.792 
-,.009 4034-038 
-,000 4045-974 
—.010 4048.888 
.000 4055-700 
—.004 4062.601 
—.ool 4003.750 
—.003 407 3-918 
004 4083.755 
—.O12 408 3.925 
-000 4103.095 
.000 4107.642 
+.001 4114.602 
.000 4121.476 
+.004 4121.907 
+.002 4157-936 
+.002 4185.045 
+-,003 4197.238 
—.006 


Standard 


Standard 


Difference 


Difierence 


| 
Ch 
| 
| | 
| .692T -.O15 
O88T —.002 
| 000 -397 —.O10 
670* .064* —.017 
| "68 .202T .016 
| 
225* 259 
.194T .016 
483t .186T .O16 
—.007 
.763T +-.003 
217 $427 “~—.014 
“924* .095* .020 
332 .846t —.017 
330 021 
| 74T o18 
619* | .674 
36t .032* +-.026 
| .995* 
| | 
— 
.578T .000 
-796 —.004 
666* .641T —.003 
.975* .001 
893T —.005 
. 5 
123+ —.001 
lagat .001 
pose | .756* .006 
.920 .002 
.767T O12 
| 4071 .g28 .003 
| —.006 
‘180* .646T .004 
429 .600 +-,002 
‘478 481 005 
. is 
.8gI 
g14f | O12 
| .063 .O18 
251f O13 
.903* 


Micrometer 
reading 


4283.148 
4289.504 
4293.216 
4222.339 
4226.848 
4250.924 
4302.680 
4308.064 
4343-382 
4.352.895 
4359.770 
4369.930 
4391.140 
4404.917 
4407.838 


Micrometer 
reading 


4011.455 
4629.509 
4637.6083 
4638.189 
4668. 300 
4678.345 
4086. 392 
4090. 325 
4691.574 
4703.181 
4722.355 
4727.628 
4754-230 


ARC-SPECTRA OF THE ELEMENTS 


Standard 


.170T 
.523T 
.249* 

.8g2T 
.689T 
.034* 
.387T 
-903 

.778T 
943 

-149 

.g27T 


Standard 


-453* 
-683 

.194¢ 
.303* 
.353T 
.395T 
.324T 
.581* 
.180* 
.349f 
.226T 


PLATE 44.—ZIRCONIUM. 


Difference 


| Micrometer 
reading 


| 4415.289 
| 4425.607 
|| 4447.889 
| 4454-936 
|| 4494-725 
4497-026 
4499.063 
|| 4501.438 
4508.449 
4554-187 

4571.265 

4572-142 

4578.720 

4588.369 


| 
|| 4§90.112 


PLATE 48.—zI RCONIUM. 


Difference 


+.002* 
~~,.006T 
.000 
—.005 
——.003 
—-.008 
—.003 
+.001 


—.007 


reading 


4805.263 
4810.7 32 
4823.705 
4824.334 
4859.939 
|| 4883.876 
4893.045 
4917.410 
4924.104 
4934 248 
49 36.005 
4991.221 
4994.292 


Micrometer 


| 


375 
Standard Difference 
.299 | 
.609 —.002 
.899 —.010 
.gs5ot ——.014 
—.o1ot 
——.015 
o70T —.007 
.444f —.006 
-456 —.007 
2137 —~.026 
2777 —-.012 
1577 —.015 
—.O1I 
——.015 
129 —.017 
Standard | Difference 
.253T +.010 
+.009 
.697T +.008 
-325 | —+-.009 
.934 | —.005 
867 | —-.009 
.030T +.015 
.410T .000 
.109 —.005 
.247* +.001 
| —.O10 
.247T —.026 
-316 —.024 


| | 
—.022 
——.019 
—~.033 
—.042 | 
—.044 
——.032 
——,009 
| =—.005 
—-.008 
—.008 
| —.013 
| | —.012 
— 
| 
| 
+.001* 
+.006 
| -0GO 
+.004 
| 
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THE ARC-SPECTRUM OF ZIRCONIUM. 


Wave-length | Correc- | bse Wave-length 
uncorrected tion | Charac- corrected 
ter 

3054-929 10 3054-927 
3060.220 |—.002 5 3060.218 
3061.451 -.002 3 3061.449 
3064.748 |—.002 4 3064.746 
3065.315 |—.002 3 3065.313 
3072.240 |—.002 In 3072.238 
3085.465 —.004 2 3085.461 
3094.914 |—.006 2 3094.908 
3095.180 —.006 8 3095.174 
3095.441 |—.006 I 3095-435 
3099.331 |—-007, I0 3099.324 
3109.453 |—-009 In 3109.444 
3106.682 |—.008| I0 3106.674 
3110.654 |—.009 I 3110.645 
3110.980 |—.009| I0 3110.971 

3119.330 —.010 I 3119.320 
3120.861 —.010 | 8 3120.851 
3125.319 |—-OII1| 4 3125.308 
3126.021 |—.o11! I0 3126.010 
3129.286 |—.o11| I0 3129.275 
3129.865 |—.OII 10 3129.854 
3132.177. 7 3132.166 
3133-335 |—-O11 2 3133-324 
3133.595 |---OlI 8 3133-584 
3137.083 4 3137-072 
3138.775 10 3138.764 
3149.937 ~-O12 3 3149.925 
3155.792 |—.O12 7 3155.780 
3157.108 |—.O12 7 3157.096 
3157-944 O12 7 3157-932 
3164.423 |—-O12 10 3164.411 

3165.570 |—.012 7 3165.558 
3166.076 -.012 7 3166.064 
3166.387  |—.012 6 3166.375 
3166.749 |—.OI2 I 3166.837 
3178.205 !—.012| 7 3178.193 
3185.183 |—.O12 | 8 3185.171 

3182.050 ~.O12 7 3182.038 
3182.965 —.012 10 3182.953 
3191.340 |—.012 7 3191.328 
3192.024 —.O012 7 3192.012 
3194-548 |—.012 I 3194.536 
3196.844 I 3196.8 32 
3204.485 —.012; 3 


3204.473 


Wave-length 
uncorrected 


3205.028 
3208.444 
3212.135 
3212.974 
3214.318 
3228.933 
3234-250 
3235.884 
3241.180 
3244.116 
3247.680 
3250.570 
3260.245 
3264.949 
3269.791 
327 2.335 
3273.170 
3279.400 
3280.601 
3282.969 
3284.827 
3286.025 
3288.934 
3306.409 
3310.022 
3311.480 
3313.830 
3314.613 
3316.323 
3318.640 
3319.146 
3323.115 
3326.545 
3334-381 
3334-743 
3338.543 
3340.611 
3344-913 
3353-775 
3376.375 
3377-565 
3380.038 
3387.976 
3388. 345 


} Inten- 
Correc- sityand) Wave-length 
| tion | Charac- 
| ter | 
—.O12 3205.016 
—.012 3 | 3208.432 
—.012 5 3212.123 
—.012 3 3212.962 
—"OI2 7 3214.306 
7 3228.922 
.O10 7 3234.240 
|—.010 I 3235.874 
|—.009 7 3241.171 
—.008 I 3244.108 
.008 1 3247.672 
-007 7 3250.563 
—,.005 3260.240 
| —.004 3 3264.945 
-.003 7 3269.788 
-002 7 3272-333 
-,002 7 3273-168 
~.001 10 3279-399 
In 3289.600 
-,000 2 3282.969 
—,000| 10 3284.827 
.000 3286.025 
+.001 5 3288.935 
+-.002 7 3306.411 
|+.002 3 3310.024 
+-.002 2 3311.482 
+.002 5 3313.832 
7 3314.615 
+.002 I 3316.325 
4 3.318.642 
3319.148 
—.00! 7 3323-114 
\—.001 I 3326.544 
+.001 7 3334-382 
+.001 7 3334-744 
+.002 7 3338.545 
|-+.003 7 3340.014 
|+-004 3344-917 
+.008| 2 3353-783 
| +.020 5 3376.395 
+.020' 3377-585 
+.022 I 3380.060 
+.026 7 3.388.002 
+.026 7 3388.371 


| 
| 


| 
} 
| 
| 
| 
| 
| 
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ZIRCONIUM — continued. 


Wave-length | Correc- Wave-length Wave-length | Correc- Wave-length 
uncorrected tion | Charac- correct || uncorrected tion | Charac- correct 
ter ter 

3392.350 |+.028] Io 3392.378 | 3663.778 |+.006| 8 3663.784 
3393-239 |+.029| 7 3393-208 || 3671.403 |+.007| 2 3671.410 
3394.360 |+.029| I 3394-389 3674.852 |+.007| 3 3674-859 
3396.438 |+.030] 7 3390.468 3680.666 |+.008| 3680.67 4 
3398.965 |+.032| 7 3398.997 3691.521 |+.009| 8 3691.530 
3402.977. |-+.034 5 3403.011 3696.421 |-+.009 1? 3696.430 
3403.806 |+.034 I 3403.840 3697.593 |+-.010 2 3697.603 
3404.955 |+.033| 5 3404.987T 3891.504 |+.012| 3891.516 
3407.595 |-+.032 In 3407.627 3892.149 |-+.012 I,n 3892.161 
3408.198 |+-.037 7 3.408.235 3896.653 |-+.011 2 3896.664 
3410.374 |+.031 I 3410.405 3897.788 |-+.010 I 3897.798 
3410.328 |-+-.038 7 3.410.366 3900.639 |-+-.010 5 3900.649 
3414.787 |+.020 I 3414.816 3916.060 |-+.007 5 3916.067 
3419.786 |-+-.027 I 3419.813 3921.923 |+.005 5 3921.928 
3424.953 |-+.025 I 3424.978 3929.662 baa 6 3929.666 
3430.661 |+-.022 3 3430.683 3934.250 .004| 4 3934-254 
3437-271 |+.020| 2 3437-291 3934-915 |+.004| 4 3934-919 
3438.361 |+.020 5 3438.381 3936.188 2 3936.191 
3446.754 |+.016 3 3446.770 || 3941.756 .002 2 3941.758 
3447-498 |+.016| 4 | 3447-514 3958.353 |+.001| 8 3958.354 
3456.042 |+.014| 3 | 3456.056 3966.417 .000/ 3966.417 
3457-327 |+.013| 2 3457-340 3973-549 000} 1 3973-549 
3457-702 |+.013| 3 | 3457-715 3975-435 |—.0O1| 4 3975-434 
3459.071 |+.012| 1 | 3459.083 3977-422 |—.001| 3 3977-421 
341.232 |+.012/ 3 | 3461.244 3979-375 |—.00o1} 3 3979-374 
3463.155 \+.011| 3 | 3463.166 3981.727 |—.001| 10 3981.726 
3471.321 |+.008| 6 | 3471.329 3982.305 |—.oo1 2 3982. 304 
3478.448 |+.007 1 | 3478.455 3991.269 |—.001/ 8 3991.268 
3478.923 |+.006| 3 | 3478.929 4012.395 .000| 4 4012.395 
3481.295 |+.005 5 3481.300 || 4018.520 -000 3 4018.520 
3482.944 |+.005| 3 3482.949 || 4024.586 .000| 3 4024.586 
3483674 3 3483.679 || 4025.060 4025.060 
3496.340 |+.003| 7 3496.343 || 4027.349 |+.001| 4027.350 
3499-725 +.002 I 3499.727. || 4028.098 |+.001| 3 4028.099 
3505.581 +.001 I 3505.582 || 4029.820 |-+.001 5 4029.821 
3505.812 4 3505.813 || 4030.187 |+.001|} 4 4030.188 
3519-735 +.001 10 3519.736 || 4031.406 |+.001 4931.497 
3552-092 |+.001| 3 3552-093 || 4032.196 |+.001| 4 4032.197 
3556-743 |+.001 5 3556.744 || 4032.210 |+.001 I 4032.211 
3558-942 |+.002| 1 3558.944 |; 4034.230 3 4034.231 
3572-603 |+.003| 10 3572.606 4036.038 (+.001 4 4936.039 
3601.326 |+.005| 10 3601.331 || 4040.386 |+.002) 3 4040.388 
3612.037. |+.005 I 3612.042 4041.787. |+.002/ 3 4041.789 
3613.242 |+.005 3 361 3.247 4042.371 |+.002 3 4042.373 
3614.920 |+.005 5 3614.925 4043.720 |+.002 5 4043.722 
3624-000 |+.005; 8 3624.005 | 4045.756 |+.002| 6 4045.758 
3630.164 |-+.005 I 3630.169 4045.970 |+.002| 3 4045.972 
3634.293 |+.005 3 3634.298 4048.811 |+.002) 7 4048.813 
3636.596 |+.005 2 | 3636.601 | 4049.714 |-+.002 5 4049.716 
3658.285 |+.005| 3658.290 | 4050.465 |+.002| 3 4050.467 


{ | | | 
| 
2 
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Wave-length | Correc- 
uncorrected tion 
4054-579 002 


4055.171 |-+.002 
4055.849 


4056.653 |-+.002 | 
4057.982 |-+.002 | 
4058.769 |-+-.002 | 


4060.231 |-+.002 
4060.728 |-+.002 
4061.076 |+-.002 
4064.301 |+.002 
4068.870 |-+.002 
4071.240 |+.002 
4072840 |-+.002 
4075.070 |-+.002 
4076.676 |-+.002 
4077.199 |-+-002 


4078.455 |+-002 | 
4081.359 |+-.002 | 


4082.439 |+-002 
408 3.239 
4084.450 {002 


4085.838 |-+.002 
4087.836 |-+-.002 
4090.662 |-+.002 
4090.943 | +.002 


4093.311 |-+.002 
4094.416 |-.002 
4096.781 |-+.002 
4099.458 | 1-002 
4107.690 
4108.544 |+.002 
4110.195 |\+.002 
4110.801 |-+.002 
4113.115 |-+-.002 
4120.309 |+.002 
4121.601 |+.002 
4128.125 |+.002 
4135.828 |+.002 
4140.158 |-+.003 
4146.034 +.004 
4149.339 | 
4151.118 |-+.005 
4152.788 |+.005 
4156.377. |-+.006 
4161.345 |+.007 
4166.501 |-+.008 
4169.494 |+.009 
4171.616 |-+.009 
4179.953 |+-.011 
4182.710 |\+.012 


| 


ZIRCONIUM —continued. 


| Inten- | 
| sity and | 
| Char- | 
| acter 


OS CL NEN 


Wave-length 
corrected 


4054.581 
4055-173 
4055-851 
4050.055 
4057-984 
4058.771 
4060.2 33 
4060.7 30 
4061.678 
4004.303 
40608.872 
4071.242 
4072.842 
4075.072 
4076.678 
4077-201 
4078.457 
4081.361 
4082.441 
4083-241 
4084.452 
4085.840 
4087.838 
4090.664 
4090.945 
4093.313 
4094.418 
4096.783 
4099 4600 
4107.692 
4108.546 
4110.197 
4110.803 
4113-117 
4120.311 
4121.603 
4128.127 
4135.830 
4140.161 
4146.038 
4149-443 
4151.123 
4152.793 
4156.383 
4161.352 
4166.509 
4169.503 
4171.625 
4179.964 
4182.722 


Wave-length 
uncorrected 


4183.459 
4186.821 
4191.035 
4191.931 
4194-147 
4194.909 
4196.280 
4227.839 
4231.044 
4231.7106 
4234-717 
4236.153 
4237-517 
4239.392 
4240.420 
4241.286 
4241.770 
4253.660 
4256.540 
4258.142 
4261.304 
4261.526 
4264.115 
4265.015 
4266.828 
4268.116 
4273-620 
4274.86! 
4277-465 
4282.306 
4285.354 
4286.615 
4289.266 
4290.314 
4291.454 
4294.897 
4296.311 
4300.68! 
4.302.990 
4.304.803 
4.306.034 
4309.93! 
4312.342 
4317-424 
4319.164 
4321.287 
4324.145 
4325-554 
4329.685 
4333-380 


Inten- 
Correc- | sity and 
tion Char- 
| acter 


|-++-.013 
|+-.015 
|-+.016 
+.016 
+-.016 
+-.017 
+-.041 
+-.039 
‘030 
+.038 
|+-.037 
\+-.037 
+.036 
|-+-.034 
+.033 
+.033 
+-.030 
+-.029 


+.029 


+ 


= 


Wave-length 
corrected 


4183.472 
4130.3534 
4191.050 
4191.947 
4194.163 
4194.925 
4196.297 
4227.880 
4231.683 
4231.755 

234-755 
4236.190 
4237-554 
4239.428 
4240.454 
4241.319 
4241.803 
4253-090 
4250.575 
4258.17! 
4201.331 
4201.553 
4264.141 
4205.041 
4266.853 
4258.141 
4273-043 
4274-834 
4277-487 
4282.326 
4285.373 
4286.634 
4289.284 
4290.332 
4291.470 
4294.914 
4290. 327 
4300.696 
4.303.005 
4305-817 
4306.048 
4309.944 
4312.354 
4317-435 
4319.175 
4321.298 
4324-156 
4325-564 
4329.695 
4333-390 


| 
| | 
+.027 
+-.027 
+-.026 
+.026 
} +-.025 
| +.025 
+.023 
+.023 
+.022 
+.020 
+.019 
+.019 
+.018 
+.018 yn 
+.016 
+.017 
+.016 
H + 
| n + 
ea 
: 
4 
4 
+-, 
+. 
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ZIRCONIUM—continued. 


Inten- | Inten- 

Wave-length | Correc- | sity and Wave-length Wave-length | Correc- | sity and Wave-length 

uncorrected tion | Charac- corrected uncorrected tion | Charac- corrected 

ter | ter 
| | 
| 

4336.403 (+.010 | N\ 4330.473 4490.392 \+.010| 1,N) 4490.402 

4337-741 1 4337-751 4494-550 |+.010) 3 | 4494.560 

4341-248 (4.019) 7 4341.258 4495-588 I 4495-598 

4342.356 +.010) 4342-306 ||" 4497-139 |+-.010 4497-149 

4343-100 -+.010 I | 4343-170 4507.250 |--010 | 4507.260 

4343-517 4.010 I,n| 4343-527 4526.265 |+.010 | a,n| 4§26.275 

4340-041  +-.010 | 2 | 4346.051 || 4535-877 5 | 4535-887 

4347-349 +-010| 1 4347-359 || 4542-351 |+.010| 4 4542.301 

4347-409 +.010| 1 4347-479 4550.260 |+.01I | 2 4550.271 

4348.009 +.010| 8 | 4348.019 4553-142 |+.011| I 4553-153 

4358.870 +.010; I | 4358.880 4554-100 | I 4554-111 

4359-852 +010, 8 | 4359-862 4554-174 |+.011| 2 4554-185 

4300.427. +.010| 4 4360.4 37 4555-659 |+.011| 2 4555-670 

4306.571 +.010| 4 | 4306.581 || 4558-175 4+.o11| 4558-186 

4371.078 +.010 | 7 | 4371.088 || 4565-587 i4-o12| I,m} 4565.599 

4373-203 +010) 1 | 4373-213 || 4574-633 +.013| 4574-646 

4379-399 +-010) 7 | 4379-909 4582.435 |-+.014 | 4582.449 

4380.746 +.010| 4389-756 || 4590.675 |\+.016| 1,n| 4590.091 

4395-006 -+.010 2 | 4395-076 4614.092 |+.004 I 4614.096 

4400.305 +.010| 1 | 4400.375 || 4629.223 |+.004 4629.227 

4401.481 +.010, 1 | 4401-491 4634-139 |-+--004 I 4634-143 

4403-472 -+.010| I,n 4403-482 || 4640.290 |+.004, 1, 4640.294 

4414-439 -+-010| 2 | 4414-449 || 4644-982 |+.004 1,n| 4644.986 

4414.005 +.010) 3 4414-675 4657-795 | +004) 4657-799 

4420.588 +.010| 3 4420.598 || 4661-958 +.004 1,n| 4661.962 

4427-373 |+-010) 2 4427-383 | 4667-314 |+.004, 4667.318 = 
4429-235 (+-010) 1 | 4429-245 4683-592 |+.004) 1 4683.596 
4431-619 +.010| 3 | 4431-029 4687-971 |+-.004| 3 4687.975 
4435.976 (+.010 | I,m 4435-986 4688.621 |+.004 I 4688.625 
4430.900  |+.010) 4430-910 4707952 |+.002| 4707-954 
4454-929 +.010| | 4454-939 4710.250 |+.002 3 4710.252 
4455.504 +.010| I | 4455-574 4712.085 |! 4712.087 
4450.428 (+.010 1 | 4456.438 4717-795 | 4717-795 
4457-552 +.010 | 4 | 4457-562 || 4719-291 .000 1,n| 4719.291 
44600.485 |+.010) 4 4400.495 || 4732-510 (—.003 I 47 32.507 
4460.920 +-010 1 | 4460.930 || 4739-655 .004 I 4739-651 i 
4467.044 |+.010 | 1 | 4467.054 || 4762.955 \—.008| 1 4762.947 

4468.354 |+.010| 1 | 4408.364 || 4772-498 i—.009| 4772-489 

4469.654 |+.010) 4409.004 4785.103 |—.009 1 4785-094 

4470.451 |+.010 2 4470.461 | 4788.862 |—.009 I 4788.853 

4470.088 |+.010) 4 4470.698 4806.060 |—.009 I 4806.047T 

4482.170 |+.010 I 4482.180 4934-245 |—-009 I 4934-236 

4485.577. |+.010| 1,n| 4485-587 | 


e 
3 
: 
: 
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SOLAR LINES FOR STANDARDS. 


PLATE 32.—LANTHANUM. 


| | 
Standard | Difference Standard Difference 
| 

3094.998 95.003} —.005 | 3247.667 .680* —.013 
3106.659 .677* | —.018 | 3260.373 .384f 
3115.152 | —.008 | 3267.832 839 —.007 

3129.875 —,005 | 3274.070 .0g2t —.022 
3137-443 -441 +.002 3287.771 -791 —.020 
3140.875 .870T -,005 3292.153 .174* —.021 

3153.872 .870T +.002 3295.932 -957 —.025 

3167.294 .290f | | 3302.485 —.016 
3172.174 —.001 \| 3303.624 .648* —.024 
3176.103 -104T —.001 | 3306.446 .471T —.025 

3188.165 .164t +-.001 3.308.907 .g28* ——.021 

3200.031 .032 .OOI 3318.131 -163 —.032 

3218.390 .000 3331.719 741} —.022 

3224.370 .368T +.002 3347-990 48.011* —.021 

3231.437 -421* +.016 3356.190 .222 —.032 

3232.403 .404t —.001 3377-620 .667* —.047 

3646.123 .124 —.00I 3.389.847 .887 —.040 


PLATE 36,—LANTHANUM. 


} Standard Difference Standard Difference 
3441.103 -.032 3570.416 .402* +.014 
3444.026 .032* | —.006 | 3581.340 344 —.004 
3455-353 | —-031 3583-476 -483 —.007 
3464.585 -609 | —.024 3600.880 .880* .000 
3477-987 78.001 —.014 || 3606.829 831* —.002 
3486.022 .036t || 3612.210 .217 ~.007 
3491.448  —.016 3617.918 .920* —.002 
{ 3500.695 .026 | 3618.922 .924* —.002 
3500.985 | 993$ —.008 || 3622.149 .149* .000 
3510.981 -987 —.006 3623.330 -332 —.002 
3513-941 947 —.006 3623.601 603 —.002 
3518.482 .487 —.005 || 3623.603 .603 -000 
3521.402 .404* —.002 | 3628.846 .853* .007 
3540.260 .266 | —,006 || 3628.858 85 3* +.005 
3545-335 -333 +.002 3631.624 .619* 
3549.995 50.006* —.OI! 3638.430 .435* —.005 
3564.673 | —.007 3647.995 .995T .000 


3565.530 .528* +.002 3652.690 —.002 


4 
i 
: 
| 
| 
} 
4 
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PLATE 36—LANTHANUM—continued. 


M Standard | Difference | Standard Difference 
305 3.045 .639T | +.006 3749-620 .623* —.003 
3658.694 .688 | —+.006 3754.661 .664* —.003 
3667.397 .397 .000 || 3756.203 211f —.008 
.064T | —,008 3758-364 379° —.0 15 
3683.19 .202 | —.004 | 3763.924 -442 
3687.595 .607* —.012 3767.331 .344* —.013 
3095.188 194) | —.006 3770.116 .130* —.014 
3705.711 -711* .000 3774.460 .480* —.020 
3710.429 43 3781.315 .330 —.0 
3716.583 -585 —.002 | 3783.654 .674 —.020 
3720.081 .005 3788.016 .032* | —.016 
3722.693 .691* | -+.002 | 3793.995 94.014 | —.019 
3727-758 .763* —.00§ | 3795-127 | —.023 
3735-020 .014* +-.006 
PLATE 40’— LANTHANUM. 
| 
Standard Difference M Standard Difference 
| | 
|] 
388 3.767  —,006 4003.910 -g16t —.006 
3886.420 | .007 4016.578 .578 .000 
3897.593 | {| 4029.781 | -796 | 
3905.062 .666 | —.004 4030.900 .914* 
3916.872 875 .003 4033-213 | .225* | 
3924.64 | .669 .005 4034.623 = 
6. 12 | —,00 035. 
120 3! 3 4035 
3928.070 | O71 —.001 4045.960 975 O15 
3937-476 | .474 | +002 | 4048.880 .893* —.013 
3941.019 .002 .701 | —.013 
3944-145 .159 .014 4062.589 O13 
3954-001 | .oo1f .000 4063.741 75 | —.015 
3957-170 | .180* O10 4071.882 .904* —.022 
3961.667 .676* —,.009 4073.901 .920 .019 
39071.465 | 013 4077.860 .883* 
397 3.830 835 —.005 408 3.739 -767* —.c28 
3977-887 891 .004 | 4088.702 -716' —.014 
3981.916 914 +.002 | 4103.075 -101 —.026 
3984.085 078 +-.007 | 4107.626 .640* 014 
3989.222 216T +.006 | 4114.578 .600 —.022 


4 
ve 
| | | | | mee 
z 
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PLATE 40’ ’—LANTHANUM. 


Micrometer | Micrometer 
reading Standard | Difference | reading Standard Difference 
= 
3950.101 10! .000 || 4063.749 -750* .007 
3954.005 |  +.004 4071.893 .904* 
3957-182 | .180t | +.002 | 407 3.918 .920* —.002 
3960.430 | 429 +.001 | 4107.639 .646T -.007 
3971.478 | 478T 000 4114.602 .600 | —+.002 
3984.085 | .078T +-.007 4121.475 .481f .006 
3987.226 | -216* +.o10 | 4157.923 .948 .025 
4003-918 | .g16t | —-.002 | 4185.036 .063 .027 
4016.577 | 578 —.00I | 4197.224 -.027 
4029.786 | 796 O10 4077.874 .883* .009 
4030.900 | g14t 014 | 4083.905 .g28 —.023 
4033-223 | .225T —.002 || 4088.710 716 —.006 
4034.632 | .641T —,.009 4114.591 .600 ~.009 
4044.280 | -293* —.013 4157.918 .948 .030 
4045.980 .975* +.005 4185.026 .063 .037 
4048.881 893T =| —.012 4197.222 .251T —.029 
PLATE 44.—LANTHANUM. 
| 
Standard | Difference Standard Difference 
| | 
4222.347 -.034 | 4435-140 
4254.498 | .502* 004 4435.865 +.013 
4260.630 | .638* —.008 | 4447.909 +.o10 
4293-232 | .249T O17 4454-953 | .950* +.003 
4318.81 | 818T —,007 4494.742 | 735% +.007 
4352.907 | .903 | —+,004 4508.461 .456 +.005 
4369.956 | .943T +.013 4554.210 | .213T .003 
4376.108 | .103T +.005 4571.273 277} .004 
4407.850 | .850T .000 4578.733 731 +.002 


| 
| 
4425.624 | .609f | 


| 
| 
| 
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PLATE 44’.— LANTHANUM. 


Micrometer 
reading 


4250.258 


4250.945 
4254-476 
4260.623 
4267.928 
4271.914 
4274-941 
4283.154 
4289.510 
4289.872 
4293-231 
4299.135 
4302.681 
4307.889 
4308.057 
4318.804 
4325-925 
4343-400 
4352-904 
4359-784 
4369.946 
4376.117 


Micrometer 
reading 


4215.617 
4226.860 
4250.268 

254-477 
4260.625 
4207.923 
4271.910 
4274-947 
4283-555 
4283.142 
4289.511 
4293.231 
4299.144 
4302.683 
4306.057 


Standard Difference —— Standard Difference 
.290* —.032 | 4383.722 7217 +.001 
.g56t 4391.161 -149f +.012 
.502t —.026 4404.937 +.o010 
.638* O15 4407.846 .850* —.004 
.958* —.030 4415.305 299* +.006 
.g24t O10 4435.853 +.001 
.958* —.017 4435-133 +.001 
.170* —.016 4447.912 +.013 
.523* —.013 4454-947 950 —.003 
—.009 4456.038 .047* —.009 
.249* —.018 4494.7 36 -735|| +.001 
.152* —.017 4497.031 —.010 
.689* .008 4499.075 070 +.005 
.g04* |} —.O15 4499.308 .315* —.007 
o71* 014 || 4501.449 +.005 
818 | —.014 || 4§08.459 .456 +.003 
.940T | —.O15 4554.206 .213T —.007 
.387* | +.013 4563.941 939 +.002 
.903 +.001 4571.269 —,.008 
-778* +.006 4572.146 -157 —.O11 
943) +.003 4578.724 731 —.007 
.103 +.014 4588. 368 —.016 

PLATE 44’ ’.—LANTHANUM. 
Standard Difference | ee Standard Difference 
| reading 
} 

.616T +.001 | 4307.890 go4t —.014 
892* —.032 | —_4308.060 034T +.026 
.290T —.022. | 4318.804 818 —.014 
.502* —.025 4325.927 .940 —.013 
—.013 4359-786 +.008 
.958t -035 || 4369.930 —.013 
.924* ~.014 4376.102 103 
.958T 4383.720 721* —.00I 
.523* +.032 4407.844 —,.006 
.170* 038 4415-290 299T —.009 
.523* | 4425.607 609T .002 
.249T | —o18 || 4435-128 132T —.004 
.152* | —,008 4435.856 852 +.004 
.689* | ——.006 4447.894 Soak —.005 
.o71T | 4454.958 +.008 
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PLATE 44''’.—LANTHANUM. 


Micrometer | Diff | Micrometer dard Difference 
reading Standar } ifference 1} reading Standarc ifference 

1] 
4293.238 .249 | —.O1! 4407.850 850} .000 
4318.814 818 | —.004 4435.140 +.008 
4352.914 -903 +.011 | 4447.918 | .899 +.019 
4369.960 .943 | —+-.017 4454.958 | .950 | 
4376.115 -103t +.012 | 4494-750 735$ +.015 
4425.623 | 4508.468 | .456 +.012 
4435.871 852} | 4554.218 | 213+ +.005 
PLATE 48.— LANTHANUM. 
Standard | Difference Standard Difference 
4629.505 | .515f .O10 4824.335 +.010 
4637.669 .683 4810.723 723* .000 
4043.631 | .645 4903-483 .488t —.005 
4686.389 4919.175 .183T -.008 
4703-999 .986 +.013 4924.955 .000 
4703.182 .180T +.002 4934-244 .247T .003 
4722.348 .349T —.001 497 3.262 .274 .O12 
4727.638 .628f +-.010 4978.760 .782T -.022 
4754.237 226+ +.011 4994.301 —.015 
4859.930 .934f -.004 
PLATE 48'.-—LANTHANUM. 

Standard Difference | Standard Difference 
46002.152 .183 .031 4783.607 .601* +.006 
4607.470 | .509f .039 | 4805.260 | +.007 
4611.423 | 453} —.030 4810.7 34 .723* +.011 
4629.501 | —.014 482 3.690 .697T — .007 
4637.672 | 683 4824.337 .325f +.012 
4643.625 .045 .020 4859.930 .934 +-.002 
4648.821 8357 .O14 4890.923 | .9457 .022 
4668.289 .303T -.014 4805.253 .2537 .000 
4678.345 008 || 4810.728 .723* +.005 
468 3.738 -743 —.005 | 4783.614 .6o01T +.013 
4686. 398 395 +.003 || 4754.222 226} .004 
4690.312 -324 .O12 4727.620 | .628 .008 
4691.567 -.0O14 4722.340 | 340+ .009 
4691.570 .581T —.O1I 4810.732 | .723* +.009 
4703.186 .180T +.006 | 4823.687 | .697f —,010 
4714.600 | -599* +.001 4824.329 | +.004 
4722.341 349% —.008 | 4859.938 | +.004 
4727.634 .628 +-.006 4859.933 | 9344 OO! 
4754-232 | 226T +.006 | 4900.091 | .og8t —.007 
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PLATE 52.—LANT THANUM. 


Standard Difference Standard Difference 
5005.851 | .904 —.053 5225.691 -690 +.001 
5006.251 ~—.052 5230.020 .O14 +.006 
5014.379 .422* ——.043 5233-111 .124 +.013 
5020.173 .210f —.037 5242.662 .662 .000 
5049.972 50.008 —.036 | 5§250.374 —.017 
5060.226 .252f —.026 || §253.630 -649 —.019 
5064.810 833 ——,023 || §261.868 .880 —.012 
5068.921 .G46 —.025 || §266.714 —-.015 
5083.501 | .525f —024 || §269.710 | 722* —.906 
5090.933 —.026 || 5273-548 | 554* ——.006 
5109.807 825t ~~.018 §281.950 | .968 —.o18 
5115-554 | .558f §283.789 | -803 
§127.520 | .530 .O10 || §288.688 | 708 —.020 
5146.651 | -664 ——.013 5.296.858 —.015 
5155.931 | .937 —.006 || §300.902 | .g18 —.016 
5165.575 | -588 ——.013 | §307.519 -546 —~.027 
5171.779 | .783 5324-345 -373 —.028 
5183.786 | -792 —-,006 5333.000 —.032 
5189.020 .020T .000 5349-617 | .623 —.006 
5 188.843 863* | .020 | 5361-775 | 8137 | —.038 
5193.14] | +.002 5367-617 | ost —.053 
5198.875 .885 | .O10 || §370.120 | -165 —.045 
5202.475 “4834 5379-724 | 77% —.0§2 
5 204.709 -708T —-.008 §383.518 | -.576 —.058 
§215.344 | -352f | —.008 || 5393.318 | —.060 
5217.561 550. | +.002 5397-284 | -346 —.062 


PLATE 56.—LANTHANUM. 


5588.975 | .005 | 5658.073 | —.096* 


| 
Standard Difference — Standard Difference 
| 
| 
5455.829 .826* +.003 5590.345 -342T | +.003 
5463.491 .493 .002 §594.685 | .695T | 
5406.601 .608 .007 5508.519 | .555* —.036 
5477-126 -128 —~.002 §598.702 | .715* —.013 
5487-959 .968 .009 s601.501 | .000 
5497-730 731 | 5§603.096 .097* 
5501.683 .002 | §615.525 526! —~.001 
5513-204 .207 | §615.882 .879f | +.003 
5528.631 .636T | -,005 | §624.245 | —.008 
5535.059 073 -.014 | §624.776 | +.008 
5544.160 .158 +002 | 6634.171 .167 +.004 
5555.109 .004 | §641.663 | +.002 
5569.844 ——.004 645.831 | 835 | 
§576.317 —-,002 5655.714 707 | +-.007 
. 
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PLATE 56.—LANTHANUM — continued. 


Standard Difference | Standard 
| 
| | 
5662.744 745 || 5§742.059 | .066 
5675.648 .648 000 || -5752.246 | .257 
5679.245 -249 —.004 || 5754.869 | .884f 
5682.859 861 —.002 || §763.205 | 215 
5688.431 434f —.003 | §772.358 | 360f 
5701.772 7oot +.003 || 5782.342 | 346+ 
5708.614 620 -006 5784.066 | .O81 
§711.304 318* 014 || §788.123 | 136f 
5715.300 309f —.009 §791.192 | 207* 
5731.980 973% +.007 | §798.056 | .087 
PLATE 54.—LANTHANUM. 
Standard Difference Standard 
reading reading 
5784.074 —.007 5884.062 .048* 
5788.130 136 .006 5905.895 
5798.071 087 —.016 5914.379 
5798.391 —.009 5916.480 -475t 
5806.950 954¢ .004 5919.853 
5809.438 | 437 +.001 5930.405 .410t 
5816.590 | 594 —.004 5934.885 .883f 
5§831.820 $32)! -.O12 5948.761 .761f 
5853.898 903 —.005 5956.923 
5857.666 672T —.006 5975-570 .576 
5862.585 | s8ot +.005 


Difference 


Difference 


+.014 
-000 
—.005 
.005 
.002 
.005 
1.002 
.000 
.002 
.006 


—.007 

—.015 

—.010 

—.002 

: .004 
—.015 
-.013 

| 
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THE ARC-SPECTRUM OF LANTHANUM. 


Inten- Inten- 
Wave-length | Correc- sityand| Wave-length Wave-length | Correc- sityand) Wave-length 
uncorrected | tion | Charac- corrected uncorrected tion | Charac-| correcte 
| ter ter 
3104.694 |+.008 I 3104.702 | 4031.846 7 4031.847T 
3142.882 |—.oo1 2 3142.881 4035.328 -000 4035.328 
3176.105 |—.002| 2 3176.103 4035.878 .000 IM! 4035.878 
3215.936 |—.001| 2 3215.935 4030.976 4036.974t 
3236.670 (+.001 I 3236.671 4043.071 8 | 4043.070t 
3245-247 +.003| 5 3245-250 || 4045.961 |+.001| 10 | 4045.962 
3249.477 +.004 4 3249.481 | 4050.215 6 | 4050.217t 
32605. 786 |+-.009 5 3265.795 || 4059.631 +.002 I,n 4959.633 
3303.219 |-+-.022 5 3303.241 || 4060.460 4 | 4060.459T 
3337-597 +.033|} 6 3337-630 || 4062.886 |+.002| 1,n| 4062.888 
3344-071 |+.034| 5 3344-705 4003.732 |4+.003) 1 | 4063.735 
3376.436 +.036| 3 337.472 4064.922 3. | 4064.922¢ 
3381.010 +.036| & 3381.046 || 4065.713 
3452.296 |+.034| 3 3452.330 4067.520 5 | 4067.519 
3453-279 |+.033/ 3 3453-312 4070.841 |-+.004| 2 4076.845 
3461.300 |+.027|} 3 3461.327 4977-499 |+.004} Io 4077.503 
3510.116 |+-.005 3510.121 || 4077.852 |+.004 I 4077.856 
3513.045 |+.005 3 3513.050 || 4078.886 |+-.004 I 4078.890 
3514.187 |+.004| 4 3514.191 || 4086.843 |+.005| 10 4086.848 
3574.500 |+.005| 5 3574565 || 4089.746 1 | 4089.752 
3641.677, |—.002] 5 3641.675 || 4090.541 +-.006 I 4090.547 
3645.549 —002| 3645-547 || 4090.161 |+.006 I 4090.167 
3649.664 003, 5 3649.661 || 4090.914 +.006 | 6 4090.920 
3650.316_ |- | 5 3650.313 4095.271 |+.007|} 3 4095.278 
3672.150 |—.003| 3 3672.147 || 4099.671 | 8 4099.678T 
3680.050 002} 1 3680.048 || 4105.018 | 4105.026T 
3734-995 |+.006; 3 3735-001 || 4123.382 |+.012 3 4123.394 
3759.205 |+.012. 7 || 4181.856 10 4141.872T 
3799.935 |+.018 6 3799.953 || 4144.075 |+.017| 2 4144.092 
3794.886 |+.018 7 3793-904 |! 4152.098 |+.021 8 4152.119 
388 3.948 | +-007 2 3883.955 || 4152.100 |+.020| 2 4154.120 
3886. 489 7 | 3886.495T | 4192.465 (+.036 8 4192.501 
3910.050 |+.003, 4 | 3916.053 || 4194.332 |+.037 I 4194.369 
3936.351 .000| 7 3936.351 || 4194.617 2 4194.654T 
3949.256 .000 6 3949-256 | 4204.155 (+.063 5 4204.218 
3988.669 .000 5 | 3988.669 || 4215.637 '+.046 2 4215.683 
3995.903 .000 5 3995.903 ri 4217.690 |+.043 6 4217.733 
4013.400 1 | 4013.399 || 4226.862 /|+.036 6 | 4226,898 
401 3.535 .000 I 4013.535 | 4231.074 |+.033 4 4231.107 
4015.535 2 4015.531T 4238.512 10 4238.543T 
4023.720 | 4023.717t || 4250.126 5 4250.144T 
4023.999 | .000 4 re 999 4254.478 |+.026| 1 4254.504 
4025.786 | .000 3 025.786 | —e 734 7 4263.742T 
4026.014 | 7 | 4 4026.013T 275.782 | 4 4275.797T 


t Mean | of several values obtained from different plates. 
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LANTHANUM— continued. 


| | | | 
Inten | Inten | 
Wave-length |Correc-|sityand| Wave-length || Wave-length | Correc- | sity and) Wave-length 
uncorrected tion | Charac-| correcte: | uncorrected | tion | Charac- corrected 
ter 1} ter 
4280.411 3 | 4280.418F || 4692.678 |+.002 6 4692.680 
4282.537 2 4282.560T || 4699.810 \+-001 I,n| 4699.811 
4283.165 |+.015 I | 4283.180 || 4703.458 |+.001 I 4703.459 
4287.111 Io 4287.128T || 4703.429 | .000 I 4703.429 
4296.196 Io | 4296.210T || 4716.624 |—.oo1 3 4716.623 
4300.765 | 2 | 4300.782T || 4716.705 |—.oo1 I,n|  4716.704 
4302.683 | 4302.699T 47 28.598 5 4728.594T 
4316.060 8 | 4316.076T 4743-277 7 4743.273T 
4318.813 |-+.012 1 | 4318.825 4748.915 4 | 4748.911T 
4333-924 15 | 4333-934T 4767.078 005; 2 | 4767.073 
4335-126 7 | 4335.134T | 4796.868 n| 4796.862T 
4354-565 | 8 | 4354-5657 || 4804.221 | 4 | 4804.219t 
4363.223 3 | 4363.221F || 4809.188 | 5 | 4809.183t 
4378.282 4378.274T 4809.695 |—.005 5 |  4809.690 
4.383.628 7 | 4383.624T 4824.24 3 5 | 4824.230T 
4385.360 4 | 4385.364F | 4839.703 2 | 4839.697t 
4411.380 | 2 | 4411.379T 4840.207 3 | 4840.203F 
4419.332 | 3 4419.320T 4850.75 I,n| 4850.772T 
4423.350 | In| 4423-3547 4851.000 |—.000 I,n|  4851.000 
4424.083 | 4 | 4424.082T 4861,082 4 | 4861.081t 
4425.595 |+.003 | In| 4425.598 4900.099 .003 6 | 4900.096 
4427.736 | 8 | 4427.741T 4921.148 +.001 6 | 4921.149 
4430.079 | | 10 | 4430.075T 4921.978 |+.001 6 | 4921.979 
4432.295 |+.001 I,n| 4432-296 4935.000 |+.003 3 | 4935.003 
4435-141 | 4435.130T 4949.941 3 | 4949.947 
4435-389 |+.003 4435-392 4952.232 +.006 | 4952.238 
4452.331 5 | 4452.327T 4970.556 |+.010 5 | 4970.566 
4455-908 | 5 | 4455-965 || 4937.044 +.015, 6 | 4987.059 
4499-223 | 2 4499-2237 4991.430 +.010) 3 | 4991-452 
4522.540 Io 4522.544T 4999.025 |+.017 o | 4999.642 
4525-408 .002 7 4525.406 5001.929 +.050|) 5001.979 
4526.279 |+.014 8 4526.293 §002.255 |+.050 I,m}  §002.305 
4549-677 7 4549-679T || 5047.019 +.032 I,n| 5047.05! 
4550.338 I 4550.337T 5050.704 |+.030) 5050.7 34 
4550.952 2 | 4550.956T 5056.600 (+.028 I 5056.628 
4558-653 | 7 | 4558.660T 5063.071 |+.026 §063.097 
4568.085 | § | 4568.094T 5106.380 |+.015 I §106.395 
4570.202 |} 5 | 4570.2157 §114.709 |+.014 4 5114.723 
4575-048 8 4575.059T 5123.137 {+.012 4 5123.149 
4580.234 5 | 4580.245T 5145.573 |+.009| 1 5145-582 
4605.922 |+.029) 4 | 4605.951 5156.881 |+.007 | I 5156.888 
4613-532 |+.025! 5 4613.557 §157.575 | +.007 I 5157.582 
4620.022 | 4620.054T 5158.839 |+.007 I 5185.846 
4655.650 8 | 4655.667T $163.762 |+.006 5163.768 
4662.661 5 4662.678T 5177.448 |+.005 3 5177-453 
4663.936 |+.007 5 466 3.943 §183.559 |+.005 0,d 55 183.664 
4669.076 5 4669.080T 5188.366 |+.005| 11 5188.371 
4671.985 | 4 4671.994T 5204.289 |+.004|) 1 5204.293 
4688.820 I,n 4688.824t §212.010 |+.004 I,n 5§212.014 
4691.349 "4 4691.364T 5234.430 |+.005| 2 5234-435 
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LANTHANUM—continued. 


Inten- - 
Wave-length | Correc-|sity and}| Wave-length Wave-length | Correc- By Wave-length 
uncorrected tion Charac- corrected uncorrected tion | Charac- correct 
ter ter 

5259.531 |+.008) 2 5259.539 §565.928 |+.003 | 3 5565.931 
5271.327. |+.010; 2 5271.337 5568.671 |+.003/ 5 5568.674 
5290.973 |+.015| 3 5290.988 5588.555 |+.003| 3 5588.558 
5302.116 |+.019] 3 5 302.135 5657.939 |+.001| I 5657.940 
5302.774 |-+.019 | 2 5 302.793 5671.765 .000; 2 5671.765 
5303.686 |-+.022|} 3 5303.708 5703.530 -000 I 5§703.530 
5340.803 |+.033/ I 5340.836 §720.221 |+.002; 2,n 5720.223 
5358.003 |+.041| 1,n | 5358.044 5735-155 |+.004) 2,n| 5735159 
5377-213 |+.052| 2 5377-205 5740.866 |+.005) 4 5740.871 
5381.114 |+.054| 2 5 381.168 5744-619 |+.006| 4 5744.625 
5381-911 |+.055| I,m | 5381.966 5762.034 |+.010| 4 5762.044 
5382.051 2 5 382.106 5769.273 |-+.012| 5769.285 
5455-348 |+.003| 8 5455-351 5769.533 |+.012| 5769.545 
5458.884 |+.003| 1 5458.887 5789.427  |+.011| 6 5789.438 
5464.571 |+.003| 2 5464.574 §791.528 |+.011| 4 5791.539 
5475-448 |+.002) 1,M | 5475.450 5797-776 |+.009|} 4 5795.785 
5480.938 |+-.002 I,n | 5480.940 5805.976 |+.008/ 2 5805.984 
5482.472 |+.00e| 2 5482.474 5808.517. |+.007/ 2 5808.524 
5491.275 |+.002/) 1 5491.277 §822.180 |+.005 5822185 
5493-654 2 5493-656 §824.032  |+.005 | I 5§824.037 
5501.557. +.002| 8 5501.559 5829.926 |+.003| 1, 5829.929 
5502.463 |+.002/ 2 §502.465 §845.242 |+.001; 1, 5845.243 
5502.876 |+.002/ 2 5§502.878 5848.583 |+.001 I, n 5848.584 
5504.019 |+.002|) 4 §504.021 5855.792 I 5855.792 
5515.500 +.002| I 5515.502 5863.903 |+.001/ 2 5863,902 
5517.560 +.002| 2 5517.562 5874.202 |+.002 I, n 5874-200 
5535-886 +.003; 3 5535-889 5874-043 |+.002} 1, 5874.941 
5545-129 2 5545-132 5930.330 .000| I 5830. 330 
5565.657 +.003) 5§ 5565.660 
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MINOR CONTRIBUTIONS AND NOTES. 


WILLIAM A. ROGERS. 


ON March 1, of the present year, in the city of Waterville, Me., 
the seat of Colby University, William Augustus Rogers passed away. 
He had been engaged, even up to a few weeks before his death, in 
teaching duties, and in investigations connected with standards of 
length. 

He was born in Waterford, Conn., November 13, 1832, prepared 
for college at Alfred Academy, New York, and graduated from Brown 
University in 1857. For the next thirteen years he was connected 
with Alfred Academy, first as tutor, later as professor of mathematics 
and astronomy. During this time, however, he was allowed to spend 
one year as student of theoretical and applied mechanics in the Shef- 
field Scientific School of Yale College, and one year as student of 
astronomy in the Harvard College Observatory. In 1870 he was 
appointed assistant in the Observatory, and from 1877 to 1886 he 
filled the position of assistant professor of astronomy. 

During his stay at Harvard Observatory he was engaged in observ- 
ing and mapping out all the stars down to the ninth magnitude in a 
belt of five degrees a little north of our zenith. ‘This work formed 
part of the German survey of the northern heavens under the auspices 
of the Astronomische Gesellschaft. Five volumes containing the results 
of this work have been published, and one is in process of com- 
pilation. 

About this time he became interested in the construction of com- 
parators. In connection with George M. Bond, of Hartford, Conn., 
he designed the Rogers-Bond universal comparator. One of these 
instruments was used by the Pratt and Whitney Company in estab- 
lishing their system of standard gauges, and another was used by Pro- 
fessor Rogers in Waterville in the comparison of standards of length. 

In 1879 the American Academy of Arts and Sciences sent Professor 
Rogers to Europe to obtain authorized copies of the Imperial yard 
and the métre des archives. ‘The copies so obtained have been used in 
the comparisons ef yard and meter bars made by him for the Depart- 


390 


/ 


MINOR CONTRIBUTIONS AND NOTES 391 


ment of Standards of the British Board of Trade, the United States 
Signal Service, the Lick Observatory, and for most of the large uni- 
versities of the United States and Canada. A paper by Professor 
Rogers presented to the A. A. A. S. in 1880, “On the Present State of 
the Question of the Standards of Length,” was at its time an exceed- 
ingly important contribution. 

His work on standards led him to the consideration of various 
dependent problems, such as the action of a diamond ‘in ruling lines on 
glass. the radiation of heat between metals, and the practical solution 
of the perfect screw problem. His contributions to the literature and 
data of these problems were important. As a result of his work we 
have the Rogers-Ballou process of cutting a screw. His very perfect 
dividing engines are the embodiment of his principles. 

In 1886 Professor Rogers accepted the chair of Physics and 
Astronomy in Colby University. The Shannon Physical Laboratory, 
designed by him, was specially suited for constant temperature work. 
Here he carried on his work of the comparison of bars. 

In 1890 Professor Morley became associated with Professor Rogers 
in the determination of the absolute expansion of metal bars in wave- 
lengths of sodium light. The investigations were carried on in the 
Shannon Laboratory. ‘Though results were obtained for only a few 
bars, these went to show that the experimental difficulties had at last 
been gotten rid of and that the accuracy of the method was all that 
could be desired. 

Professor Rogers was the recipient of many honors. In 1880 he 
was made a Fellow of the Royal Society of England, and five years 
later was elected an Honorary Fellow of that body. He was also an 
Honorary Fellow of the Royal Microscopical Society ; a Fellow of the 
American Association for the Advancement of Science; twice vice 
president of Section A, and once of Section B, of the A. A. A. S.; was 
one of the hundred members of the American Academy of Arts and 
Sciences, and was also a member of the National Academy of Sciences. 

He received the honorary degrees of A.M., Ph.D., LL.D., from Yale, 
Alfred, and Brown Universities respectively. 

In disposition, Professor Rogers was kindly and generous. His 
broad sympathies led him to take an active and intelligent interest in 
civic and religious life. He was honored and loved by the student, and 
his co-workers on the faculty. In 1857, just after his graduation from 
Brown, he married Rebecca Jane Titsworth who, with two sons, Fred. 


a 
in 
33 
mg 
by, 
ae 
‘ 
4 


392 MINOR CONTRIBUTIONS AND NOTES 


P. Rogers, M.D., of Providence, R. I., and Arthur K. Rogers, Fellow 


in Philosophy in the University of Chicago, survives him. 
G. F. H. 


PHOTOGRAPHIC SPECTRUM OF THE AURORA.' 


VARIOUS attempts have been made at this Observatory to photo- 
graph the spectrum of the aurora. In 1886 on several occasions long 
exposures were given to plates during bright auroras, but no result was 
obtained. On April 1, 1897, Mr. Edward S. King succeeded in obtain- 
ing a photograph in which four bright lines were visible, but uncertainty 
existed regarding their wave-lengths. The exposure was 147 minutes. 
During the bright aurora of March 15, 1898, he obtained a photograph 
showing two bright lines. The exposure was 141 minutes. The brightest 
of-these lines extends in wave-length from about 3892 to 3925, and the 
wave-length of the second is 4285. Assuming the two brighter lines 
photographed in 1897 to be identical with these, the four lines on that 
plate have the wave-lengths 3862, 3922, 4288 and 4694. ‘The first of 
these lines is very faint. 

The errors of measurement of these lines do not exceed one or two 
units, but much greater uncertainty exists in the reduction owing to 
difficulties in comparing them with the lines of the solar spectrum 
which was photographed upon the same plate. Probably the two 
auroras gave different spectra. That in 1897 was taken with a wide 
slit, but the images of the lines were well defined on the edges and of 
equal width, so that the line 3922 was probably really narrow and 
coincident with the edge of greater wave-length of the line 3892 to 
3925. The spectroscope used was not especially designed for photo- 
graphing faint surfaces and it is hoped that better results may be 
obtained with a new instrument now in course of construction. As is 
the case with all results announced in these Circu/ars it is expected 
that full details will be published later in the Avna/s of the Obser- 


vatory. 
EDWARD C. PICKERING. 
March 23, 1898. 


' Harvard College Observatory, Circular No. 28. 
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entire world represented on eve 7 trip. Fast express steamer 
to Havre leaves New York every Saturday. Through vestibule 


train to Paris in 4 hours. 
MATRICE W. KOZMINSKI, 
Gen’! Western Agent, No. 71 Dearborn St., Chieago. 


The 
Journal of Geology 


The foremost journal! of - kind. Open and comprehensive 
in its policy. Edited by T. C. Chamberlin and the Geological 
Faculty of the University of Chicago, assisted by represen- 
tatives from the leading universities of the world. Issued semi- 
quarterly ; $3.00 per year; 50 cents per number. 


Vol. VI, No. 3, The April-May number contains: 


Chemical and Mineral Relationships in Igneous Rocks 
Joseph P. Iddings 
The Weathered Zone (Yarmouth) between the Illinoisan and 
Kansan Til! Sheets Frank Leverett 
The Peorian Soil and Weathered Zone (Toronto Formation?) 
Frank Leverett 
A Geological Section Across Southern Indiana, from Hanover 
to Vincennes John F. Newsom 
Notes on the Ohio Valley in Southern Indiana 
Arthur C. Veatch 
The Brown or Yellow Loam of North eee and its 
Relations to the Northern Drift 2 Mabry 
Classification of the Mississipian Series Stuart t Weller 
Editorial. Reviews. Authors’ Abstracts. 


All subscriptions and requests for sample copies should be 
addressed to 


THE UNIVERSITY OF CHICAGO, 
UNIVERSITY PRESS DIVISION, 
Chicago, Ill. 
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The Lakeside Press 
PRINTERS AND BINDERS 


THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU- 
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES, AND ANNUALS A 
‘ SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES 
WEST OF NEW YORK. OUR NEW FACTORY, RUN ENTIRELY BY ELEC- 
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY. 
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO. 


: Rrench, Special 30 day Offer 


German, 
Spanish 


in 10 weeks at your own home, Regular Price, $5.00. $5.00. 


BY THE ROSENTHAL METHOD, the most simple, natural and practical system of language study 
ever published. In use in every country in Europe, and enthusiastically endorsed bythe leading edu- 
cators A the world. Thirty minutes a day for ten weeks will enable you to read, write and speak a foreign language. 
SPECIAL OFFER. FOR THIRTY DAYS ONLY, upon receipt of $3.50, we will send 1 complete set of 
Books of the Rosenthat Method for Language Study at home (French, German or Spanish) 
including Membership in Correspondence School, which entitles yon to the privilege of consulting the eminent linguist, Dre 
R. S. Rosenthal, \ate Prof. Uni. of Berlin, author of the Rosenthal Method, and to free correction of exercises. Regular price 
Send us $3.50 for complete set of books with montane and if upon receipt you are not satisfied, return them and we li 
promptly refund your money, State languxge desired. Booklet. “A Revolution in the Study of Foreign Languages,” free. 


THE DR. ROSENTHAL LANGUAGE COLLEGE, 433 Central Park West, New York. : 


STUDY LAW AT HOME 


every one. Methods ap roved by 


The College of Physiciansand Surgeons of Chicago 


The School of Medicine of the University of Illinois. 
(OPPOSITE COOK COUNTY HOSPITAL) 


Chicago 
Law School 


Preparatory Course. Under- 
graduate Course of three years leads 
to LL. B., and admission to bar. 
Post-Graduate Courses lead to De- 


Four years’ graded course. First two years largely labora- 
tory work, last two years largely clinical work. Laboratory 
and clinical facilities unsurpassed. Persons interested in 
medical education are invited to investigate this college. For 


i information apply to Dr, Wm. Allen Pusey, Secretary, 


108! State Street, ¢ Cc “hic Is 
| MED 
DENTS 


are ode prepared for successful careers by a course com- 


grees of LL. M. and D.C. L. Fall 
term begins September 6. For Cas 
alogue, address J. J. TOBIAS, Sea,. 
1°65 Dearborn St., CHICAGO, ILL, 


bining actual practice with laboratory and clinical work. 
This and other advanced ideas are features of 

HARVEY MEDICAL COLLEGE, CHICAGO. 
Any interested in the study of medicine can obtain further 
information from 


leading educators. Experienced and 
competent instructors. ‘lakes 
sparetime only. Three courses, 
preparatory, business, college. 
An opportunity to better your, 
condition and prospects. Stu 
dents and graduates everywhere 
8 years of snecess, Fall partica- 


FRANCES DICKINSON, M. D., 167-171 Clark Street, Chicago. 


ILLINOIS 
STUD Medical College 
Medicine 


lars free, Sprague Correspondence 
Sehvol of Law, 227 Tel. Bidg., Detroit, Michigan. 


Attorney at Law, 
United States Commissioner 


Commissioner of Deeds 


For ALL the States and Territories. 


—the Chicago Summer School 
of Medicine. A regular Med- 
ical College, holding sessions 
from March to September. 
Four years’ graded course. 
Twenty Professors. Excellent 
clinics, Well-equipped Labor- 


during 
the 
Summer. 


atories. Abundant dissecting Commissioner for U. 8. Court 
material, Living costs one- at C.; 

; y, sovernment rt ent 
third less than in Winter. No at Chicago, Lil., and Notary Pub- 


other great city has a climate 
allowing study all Summer. 
Co-educational. Recognized 
by the Illinois State Board of 
Health. Apply to 

W.F. Waugh, A.M.,M.D.,Dean 
or H. H. Brown, M. D., Sec’y, 

103 State St., Chicago. 


lie, Acknowledgments. Affida- 
vits and Depositions taken. Ad- 
dress all correspondence to or 
call at 541 Monadnock Block, 
Chicago, 


| When writing in in te gard to: advertisements 


4 
é 
3) 
‘ 
‘ /, 
| SIMEON W. KING 
) 
5 


DOMINION LINE 


MAIL STEAMSHIPS 
WEEKLY SAILINGS 


MONTREAL AND QUEBEC. 
TO LIVERPOOL 


FORTNIGHTLY SAILINGS 


BOSTON TO LIVERPOOL. 


VIA QUEENSTOWN 


Large, fast, twin-screw passenger steamers 
Superior accommodation for all classes of passen- 
gers. The St. Lawrence route to Europe is yearly 
becoming more popular—the three days of smooth- 
water sailing after leaving Montreal, before the 
Atlantic is reached, being much enjoyed. 

The sea passage is a short one of 1656 miles. 

Boston as a port of departure for Europe is 
very convenient. 

For all information as to rates, etc., apply to any 
local agent of the company, or 


GUS BROBERG, 69 Dearborn St., Chicago. 


Richards, [lills & Co., David Torrance & Co., 
103 State St., Boston, Mass. Gen. Agents, Montreal 


Grand Trunk 


RY. SYSTEM, 


THE FAVORITE ROUTE TO 


All Canadian « Eastern Points 


ViA THE ‘‘ST. CLAIR TUNNEL." 


THROUGH SOLID VESTIBULED TRAIN SERVICE, 


First- and Second-Class Coaches and Pul'man 
Palace Sleeping Cars in connection with 


THE LEHIGH VALLEY RAILROAD SYSTEM, 


DAILY BETWEEN 


CHICAGO and NEW YORK and 
PHILADELPHIA, 


Via Niagara Falls and Buffalo. 


Through Pullman Sleeping Car Service daily between 
Chicago, Detroit, Mt. Clemens, Saginaw Valley, Ni- 
agara Falls, Buffalo, Boston, Canadian and New 
England points via Montreal. 


The Favorite Route for Summer Tourists, who 
| should send their address to L. R. Morrow. Pass’r and 


GRAND 


TRUNK 


Ticket Agent, Chicago, IIL., and ask for particulars re- 
arding Summer Tours, C hic ago to Niagara Falls, the 
‘~housand Islands, the Adirondacks, the White Moun- 

tains, and the Summer Resorts of the Coast of Maine, 

which will be sent to all applic ants free of charge. Sale 


of Summer Tourist Tickets Commences June I. 
For rates, Sleeping Car reservations, folders, etc.. 


apply to 
L. R. MORROW, Pass’nr & Acr., 


103 CLARK ST., CHICAGO, ILL 


BEAUTIFUL 


ETCHINGS 


ILLUSTRATING 
AMERICAN SCENERY «no 
AMERICAN ACHIEVEMENT* 


mz 


"AMERICAS GREATEST RAILROAD'* 
n Hlustrated 
Catalogue 


Containing miniature 
reproductions will be 
Sent free post paid on 
receipt of one 2 ct. Stamp, 
by George H.Daniels, 
Genl.Passr. Aat. Grand. 
tation 


“CHAS H#ROCKWELL: 
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STERLING 


¢ 


Sterling 
Hy Cycle 
Works 


Chicago, Ill 


Retail Salesroom: 
274 
Wabash Ave. 


HI ) CHICAGO, 


Wernicke Sectional Cabinet. I 


—— 


—— 


(Patented. ) ( | 


A SYSTEM OF UNITS. 


Who can lift fifty pounds Fifteen inches square is 


can handle the largest 
cabinet ever made, bigg 


large enough to move the 
iggest cabinet through. 


Capable of expansion or contrac- | 
tion. Never too large nor too small 
—always just right. Can be ex- ) 
tended both horizontally and { 
vertically, to suit the space. Furn- | 
ished with units all alike, or an 
assortment, as wanted. Always 
complete yet capable of enlarge- 

 mentorrearrangement. Possesses  . 

» unlimited capacity. \ 


SEND FOR CIRCULAR. 


226-228 Wabash Ave., 


| 
1224-1248 W. Eighth St., Fulton & Pearl Sts., 
CINCINNATL NEW YORK. 


ITHAS THESE 


DISTINCTIVE FEATURES. 
CLEVELAND DETACHABLE TIRE 
CLEVELAND HARDENED BLOCK ana PIN CHAIN 

BURWELL SELF-OILING BEARINGS. 


"98 MODELS 
950 65575 


SEND FOR CATALOGUE. 
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PENCERIAN 
TEEL PENS 


Are the Best, 


IN THE ESSENTIAL QUALITIES OF 
Durability, Evenness of 
Point, and Workmanship. 


WEAR LONG. 
ALWAYS USED. 


WRITE WELL. 
ONCE TRIED. 


Established Tuirtry-E1GuT 
years ago, and always recog- 
nized among expert writers 
as the STANDARD AMERICAN 
BRAND. 


Samples for trial on receipt 
of return postage. 


SPENCERIAN 
—> PEN CO. 


Always use the best. 
The Best Pens are 


LEADING STYLES: 


Fine Points, Al, 128, 333. 
Business Pens, 048, 14, 130. 
Blunt Points, 122, 280, 1743. 
Broad Points, 239, 313, 442. 
Turned up Points, 256, 477, 531. 
Vertical Writers, 556, 570, 621. 
A GREAT VARIETY OF OTHER STYLES. 


For Sale by all Stationers. 


The Esterbrook Steel Pen Co. 
Works, Camden, N, J. 26 John St., N. Y. 


ALLAN LINE. 


Royal Mail Steamship Co. 


ESTABLISHED IN 1854. 


Tunisian, 10,000 tons ~— building. 


The Company’s Fleet consists of Thirty-four Steamers aggregating 134,937 tons. 


Bavarian, 10,000 tons—building. Castilian, 8,800 tons—building. 


Steamers sail weekly from Montreal to 
Liverpool during the season of navigation; 
also separate service from New York to Glasgow. 

The St. Lawrence route is 1000 miles 
less ocean sailing than from New York. 

Three days’ sailing on smooth water. 

The steamers are fitted with every im- 
provement for the comfort of tue passengers, 
in all classes, including bilge keels, making 
the vessels steadv in all weather, electric light, 
midship saloons, spacious promenade decks, 
music rooms, smoking rooms, etc. 

Special attention has been paid to the 
ventilation and sanitary arrangements. An 
experienced surgeon is carried on all passen- 
ger steamers, 

Rates of passage lower than by most 
first-class lines. Circular giving rates and 
sailings, on application to 


ALLAN & CO., 


174 Jackson St., 


H. & A. ALLAN, Montreal, 


Chicago ; or, 


ig 
=| \\ \ 4 
= j 
= We / \ 
it 


152-154 FIFTY-SIXTH ST., CHICAGO. 
MANUFACTURERS OF 


ASTRONOMICAL AND PHYSICAL 
INSTRUMENTS 


Refracting and Reflecting 7 elescopes 
Zenith Telescopes 
Universal Instruments 


Transits 


Driving Clocks, Micrometers, Chronographs 
Spectlroscopes, Feliostais 
l[nterferometers, Photometers 

Linear and Surface Bolometers 
Galvanometers, Cathelometers 

Dividing Engines, Comparators, etc., etc. 


7) CAREFUL ATTENTION paid to the design and construction 


Mand Book 
Graduate 
Courses 


Edited and published by the Nationai 
Fedcration of Graduate Clubs.... 


SIXTH ANNUAL 
EDITION 


Contains: 

1) A Classified and Comparative Statement of the 
Graduate Courses offered by all the Graduate Schools 
and Colleges in the United States. 

2) A Brief Description of the Different Universities. 

3) A List of Instructors, with theirdegrees and positions 
held, arranged by institutions, and sub-classified by 
departments. 

4) A List of Doctor’s Theses in preparation. 

5) A List of Candidates for Higher Degrees for the 
Previous Year, and the titles of their theses, also the 
positions secured. 

6) The Proceedings of the last Convention of the Fedet- 
ation, with Address of Prof. James H. Tufts, of the 
University of Chicago, 


This book should be in the hands of every student and 
educator. 


220 closely printed pages. Price Fifty Cents. 


GEORGE WYLLYS BENEDICT 
(Harvard) Editor-in-Chief 
FREDERICK A, CLEVELAND 
(Univ. of Chicago) Business Manager 
Appress : Box 183, Facutty ExcHANGE, 
Tue University or Cuicaco, Cuicaco, Int. 


of special apparatus for RESEARCH WORK 


A PIANO 


at a NOMINAL PRICE. 

Chicago's larg- 
est music house, 
Lyon & Healy, to 
sharply reduce 
stock,offers sam- 
ple new uprights, 
slightly used pi- 
anos,and second- 
hand _ instru- 
ments, at almost 
nominal prices. Good durable uprights 
as low as $100, warranted as represented. 
Square pianos $20 and upward, Grands 
from $200. Send for complete list. Among 
the makers are: Decker Bros., Hardman, 
Knabe, Steinway, Weber, Hale, Bauer, 
Fischer, Hazelton, and others. If you 
are interested in a piano, do not fail to 
write. Any piano not proving exactly 
as represented may be returned at their 
expense. Address 


LYON & HEALY, 


Wabash Ave. and Adams St., Chicago. 


as» 


GAERTNER & REGENNAS, 
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THE SUMMER QUARTER 


THE UN SITY OF CHICAGO 


FRIDAY, JULY 3, 1898. 


TWO HUNDRED AND FIFTY 
COURSES oF INSTRUCTION 
OFFERED BY ONE HUNDRED 
AND TEN TEACHERS .°. .°. 


CIRCULARS OF INFORMATION 
MAY BE OBTAINED FROM ... 


THE EXAMINER 
THE UNIVERSITY OF CHICAGO 
CHICAGO, ILLINOIS 
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| and ( 

| Lantern Slide Apparatus 

| and Materials for the ( 
Scientist and Amateur ( 


() Anthony’s Micrographic Camera ( 
Anthony’s Lantern Slide Camera ( 


A.T. Thompson & Co’s Improved Elec- 
tric and Lime Light Stereopticons. () 


Hand Cameras and Outfits of all kinds. 
( Tripod Cameras, Lenses, Shutters, New ( 


ENGRAVING (0 


American Films, Dry Plates, 

( Developers, Chemicals, Flash-light ) 

) Apparatus, American Aristotype ( 

( and American Gelatine Papers, and ) 
>) everything requisite for either ( 

( Amateur or Professional. 


( Books of Instruction ( 


for the beginner or advanced worker, 


) Send for Booklets or Catalogue. ( 


FISHER BUILDING 


( 
CHICAGOR 


CO) —~_—~_ 


eh p Mea ans much where Clean Fingers and pleasant thoughts are desired. 
‘ or Not only does it feed the ink perfectly to the pen, but it prevents Soiled 
y me Fingers. Itis scientifically correct and has made the 


Geo. S. Parker Fountain Pen. 


s sell the PARKER FOUNTAIN PENS because bright le want 
Bright Dealers them. A little talk with any courteous, up-to- dete Geaker will 
convince you of this. Prices, 


$2.00, $2.50, $3.00 and upward, according to size and 
Standard Parker ornamentation desired. Next best, SPECIAL. $1.50. 
SILVER DOLLAR, $1.00. 
If your dealer keeps the old kind and won't furnish you with a Parker, send tous. Interesting booklet free. 


GEO. S. PARKER PEN CO., Mill Street, Janesville, Wis. 


Safe Storage 


of Documents 
AND OTHER VALUABLE PROPERTY. 


Use of faultless material, most perfect devices 
and advanced methods of conraae make the 
Safety Deposit Vaults of The ItMinois Trust Safety 
Deposit Co. the most secure in this country. 

With greatest security are most spacious and ele- 

=. gant appointments for the convenience of patrons. 

: These mark the highest achievement in the 
- ~ building of safety deposit vaults. 

: P All are invited to inspect them. No cbligation 
~~ need be felt to transact any business. We will feel 
amply repaid for the showing by the favorable com- 


Located in the New Building of the ments that will follow an examination. 
ILLINOIS TRUST & SAVINGS BANK, Popular prices prevail. 
Corner Jackson and La Salle Sts., ROBERT BOYD, 
CHICAGO. Secretary and Manager. 
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ALVAN CLARK & SONS 


CAMBRIDGEPORT, MASS. 


Manufacturers of 


ASTRONOMICAL TELESCOPES 


With Improved Equatorial Mountings 


Sizes from Four-inch Aperture 


to the Largest Ever Ordered 


Send for Photographs of our Portable Equatorials or 


five and six-inch fixed, with accessories — the best to be had for 


educational and amateur work. 


Terrestrial Telescopes for private residences 


The performance of our instruments, famous the world 


over, is their own greatest recommendation. An experience of 


nearly a half century in the art of telescope making enables us to 


apply a degree of skill and judgment to our work which make 


our objectives unrivalled in excellence. 


Among our telescopes are 


The Lick Refractor, 36-inch. 
Pulkowa Refractor, 30-inch. 


Washington Refractor, 26-inch. 
University of Virginia, 26-inch. 


Princeton Refractor, 23-inch. 
Denver Refractor, 20-inch. 

Chicago Refractor, 18.5-inch 
Rochester Refractor, 16-inch. 


—— 


JOURNAL 


Votume VII 


THE 


An International Review of Spectroscopy and 
Astronomical Physics 


MAY, 1898 


EDITORS 


GEORGE E. HALE , JAMES E. KEELER 
Director of the Yerkes Observatory Director of the Lick Observatory 


ASSISTANT EDITORS 


J. S. AMES HENRY CREW 

Johns Hopkins University Northwestern University 
W. W. CAMPBELL E. B. FROST 

Lick Observatory Dartmouth College 


F. L. O. WADSWORTH, Verses Observatory 


ASSOCIATE EDITORS 


M. A. CORNU i C. S. HASTINGS 
Ecole Polytechnique, Paris Yale University + 
N. C. DUNER A. MICHELSON 
Astronomiska Observatorium, Upsala University of Chicago e 
WILLIAM HUGGINS C. PICKERING 
Tulse Hill Observatory, London Harvard College Observatory 
P. TACCHINI H. A, ROWLAND 
Osservatorio del Collegio Romano, Rome Johns Hopkins University 
H,. C. VOGEL c. A. YOUNG 
Astrophysikalisches Observatorium, Potsdam Princeton Universtty ; 
CHICAGO 


Che Bnibversityn of Chicago Press 


Westey & Son, 28 Essex St., Strand, London 
Sole Foreign Agents 


Susscription, Four DoLLars SINGLE Numpers, Fiery Cents 
Copyright 1898 by The University of Chicago 
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Doctors DirFeR WHO SHALL DECIDE ? 


But the fact is, doctors do of differ in their opinions 
of Pears’ Soap. Sir Erasmus Wilson, F.R.S., late 
President of the Royal college of Surgeons, England, 
the renowned Dermatologist, writes: «Nothing has an- 
swered so well, or proved so beneficial to the skin as Pears’ Soap.” 
and Dr. James Startin in his work upon the “Skin and 
Complexion,” writes: « There is however, one soap, which has 


met with such warm commendation from writers that it should be 
mentioned here, as / can endorse all that has been written and said by 
the late Mr. Startin, Sir Erasmus Wilson and Dr. Tilbury Fox con- 
cerning it. It was through “e7r instrumentality that, on account 
of its purity Pears’ Soap was introduced into hospitals. It has 
obtained a world-wide reputation, and deservedly so.” 


Dr. Redwood, Ph. D., F.1.C., F.C.S., late Professor of 
Chemistry and Pharmacy to the Pharmaceutical Soci- 


ety of Great Britain, SayS; “I have never come across an- 


other toilet soap which so closely realizes my ideal of perfection,” 


BEAUTY IS ONLY SKIN DEEP. 


All the more necessary then to attend to the skin, and 
keep it clear from impurities. Pears’ Soap ensures 
a proper performance of the functions of the skin, and 
keeps the complexion in its natural bloom. 


There are so many dangerous and even poisonous soaps in the market that a thorough- 
ly reliable article like PEARS’ SOAP, that accomplishes all that it is claimed for it, is ¢ 
public boon. 
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THE 


ASTROPHYSICAL JOURNAL 


AN INTERNATIONAL REVIEW OF SPECTROSCOPY 
AND ASTRONOMICAL PHYSICS 


VOL. VII MAY 1898 NO. 5 


THEORETICAL CONSIDERATIONS RESPECTING THE DEPENDENCE OF 
WAVE-LENGTH ON PRESSURE WHICH MESSRS. HUMPHREYS AND 
MOHLER HAVE OBSERVED IN THE ARC-SPECTRA OF CERTAIN 
ELEMENTS - - - - - - - - - J. WILSING 317 


CORRESPONDENCE OF THE PHOTOGRAPHIC DURCHMUSTERUNG WITH 


THE VISUAL - - - - - - - - - - R.H. Tucker = 320 
THE CAUSTIC OF THE RIGHT PARABOLIC CYLINDER - C.W.CROocKETT 358 
THE PARABOLIC MIRROR  - - - - - - - - C.W.CROCKETT 362 
COMPARISON OF OXYGEN WITH THE EXTRA LINES IN THE SPECTRA 


OF THE HELIUM STARS, 8 CRUCIS, ETC.; ALSO SUMMARY OF THE 
SPECTRA OF SOUTHERN STARS TO THE 3% MAGNITUDE AND 
THEIR DISTRIBUTION — - - - - - - - FRANK MCCLEAN — 367 


ARC-SPECTRUM OF ZIRCONIUM AND LANTHANUM 
HENRY A. ROWLAND and CALEB N. HARRISON = 373 


MINOR CONTRIBUTIONS AND NOTES: 


William A. Rogers, G. ¥. U1., 390; Photographic Spectrum of the Avrora, EDWARD C. 
PICKERING, 392. 


The ASTROPHYSICAL JOURNAL is published monthly except in July and September. Annual 
subscription, $4.00; foreign, 18 shillings. Wm. Wesley & Sons, 28 Essex Street, Strand, London, 
are sole foreign agents and to them all European subscriptions should be addressed. All papers for 
publication and correspondence relating to contributions and exchanges should be addressed to 
George E.. Hale, Yerkes Observatory, Williams Bay, Wisconsin, U. S. A. Correspondence relating to 
subscriptions and advertisements should be addressed to Zhe University of Chicago, University 
Press Division, Chicago, Lil. 


[Entered at the Post Office at Chicago, Ill., as second-class matter. ] 


| 
| 
| 
| 
; 
— 
3 
H 
4 Fs 
| 
| 
| 
| 
; 
; 
3 
as 
3, 


NEW AND FORTHCOMING BOOKS 


“THE KING OF GEOMETRIES” 


Elements of Geometry. By ANDREW W. 
PHILLIPS, Ph.D., and IRVING FISHER, 
Ph.D., Professors in Yale University. Crown 
8vo, Half Leather, $1 75; by mail, $1 92. 


Elements of Geometry, Abridged. Crown 
8vo, Half Leather, $1 25; by mail, $1 4o. 


Plane Geometry. Crown 8vo, Cloth, 80 
cents; by mail, go cents. 

Descriptive circulars mailed on request. 

Key to Phillips and Fisher's Geometry, including 
the Abridged Edition. (Vor teachers’ use only.) 
LITERARY CRITICISM 
Elements of Literary Criticism. By 
CHARLES F. JOHNSON, Professor of Eng 
lish Literature in Trinity College, Hartford, 
Author of ** English Words.’’ 16mo, Cloth, 

80 cents ; by mail, 88 cents. 
PARADISE LOST: 

Its Structure and [leaning. The Poem, 
with Copious Notes by JOHN A. HIMES, 
Graeff Professor of English Literature, 
Pennsylvania College. Post 8vo, Cloth. 


RECOGNIZED 


THE PRINCIPLES OF RHETORIC 

And their Application. By ADAMS SHER- 
MAN HILL, Boylston Professor of Rhetoric 
and Oratory in Harvard University. New 
Edition, Revised and Enlarged. 12mo, Cloth, 
$1 20; by mail, $1 34. 

THE FOUNDATIONS OF 
RHETORIC 

By ADAMS SHERMAN HILL, Boylston Pro- 
fessor of Rhetoric and Oratory in Harvard 
University. 12mo, Cloth, $1 00; by mail, 
$1 10. 
PRACTICAL EXERCISES IN 

ENGLISH 

By HUBER GRAY BUEHLER, Master in Eng- 
lish in the Hotchkiss School. t12mo, Cloth, 
50 cents; by mail, 55 cents. 

SHAKESPEARE THE BOY 

By W. J. ROLFE. Illustrated. Post 8vo, 

Cloth, $1 25; by mail, $1 39. 


Special Terms for Introduction. 


MECHANICAL DRAWING 


Introductory Course in [Mechanical Draw- 
ing. By JOHN C. TRACY, C.E., Instructor 
in the Sheffield Scientific School of Yale Uni- 
versity, with Chapter on Perspective by E. 
H. LOCKWOOD, M.E. With Illustrations, 
including Reproductions of Photographs of 
Models. Oblong 4to, Cloth, $1 80; by mail, 
$2 00. 

Contains many new features of great practical 
benefit, and will appeal to all progressive teachers. 
Descriptive circular and specimen pages will be 
mailed to any teacher on request. 

EXPERIMENTS IN PHYSICS 
A [lanual of Experiments in Physics: 

Laboratory Instruction for College Classes. 

By JOSEPH S. AMES, Ph.D., Associate Pro- 

fessor of Physics in Johns Hopkins Univer- 

sity, Author of ‘* Theory of Physics,’’ and 

WILLIAM J. A. BLISS, Associate in Physics 

in Johns Hopkins University. 8vo, Cloth, 

$1 80; by mail, $2 00. 

A thoroughly practical and helpful volume, view- 
ing its subject from a modern stand-point, and de- 
signed to offer the most approved methods of dem- 
onstration. 


STANDARDS 


THEORY OF PHYSICS 

By JOSEPH S. AMES, Ph.D., Associate Pro- 
fessor of Physics and Sub- Director of the 
Physical Laboratory in Johns Hopkins Uni- 
versity. Crown 8vo, Cloth, $1 60; by mail, 
$1 75. 

A SMALLER HISTORY OF 
GREECE 

From the Earliest Times to the Roman Con- 
quest. By WILLIAM SMITH, D.C.L., LL.D. 
New Edition. Revised by CARLETON L. 
BROWNSON, Instructor in Greek in Yale 
University. Illustrated. 16mo, Cloth, $1 00; 
by mail, $1 To. 
THEORY OF THOUGHT AND 

KNOWLEDGE 

By BORDEN P. BOWNE, Professor of Philoso- 
phy in Boston University, Author of ‘** Meta- 
physics,” etc. 8vo, Cloth, $1 50; by mail, 
$1 66. 


Correspondence Invited. Address 


HARPER & BROTHERS, Publishers, Franklin Square, New York City. 
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MCCLURE'S MAGAZINE 


$1.00a year 


The idea that directs the editing of MCCLURE’s MAGAZINE is that a periodical may be 
unfailingly entertaining, and still be authoritative and informing ; and that it may be low in price, 
and still maintain the highest literary and artistic standards. Friends of the Magazine are con- 
stantly saying, “ I look into other magazines, but MCCLURE’s is the only one I really read.” This 
popularity, this entertainingness, is not secured at any sacrifice of quality. ‘The best writers and the 
best artists are the contributors to MCCLURE’s. 


NEW CONTRIBUTIONS TO AMERICAN HISTORY 


Following an instinct which we have good reason to believe is shared by all of our readers, we 
have had as one of our foremost interests, in editing the magazine, the inspiring history of our own 
country. Charles A. Dana’s REMINISCENCES OF MEN AND EVENTS OF THE CIVIL WAR, now pub- 
lishing in the Magazine, present the personal side of the war as no other man could have presented 
it; and they would probably never have been written but for the editor of MCCLURE’s. Our series 
of LIFE PORTRAITS OF GREAT AMERICANS is the first full and adequate presentation of the real 
features of those sterling patriots whom we all honor and revere. Miss Tarbell’s papers on THE 
EARLY LIFE OF LINCOLN gave the first, and indeed the only, full and accurate account of Lincoln’s 
youth and early manhood that the world hashad. Mr. Hamlin Garland’s series of papers did some- 
what the same service for THE EARLY LIFE OF GRANT. And in the November number will begin 


MISS TARBELL’S LATER LIFE OF LINCOLN 


Miss Tarbell’s papers on the “ Early Life of Lincoin.” ended with Lincoln’s first nomination 


to the Presidency. ‘lhe “ Later Life” will exhibit Lincoln at his home in Springfield between the 
time of his nomination and his inauguration, and in his daily life in the White House, giving a 
complete picture of the man throughout his last five years, and also an account of such of the move- 
ments of the war as centered in him. Miss Tarbell has gathered, from men who knew Lincoln 
personally, a great store of recollections that have never yet been published. 


HISTORY BY THE MAKERS OF IT 


Wherever there survives a man whose own life has been a significant chapter in the history of 
the country, we aim to have him tell the world his story in the pages of MCCLURE’S MAGAZINE. 
Autobiographic history, in addition to being the most entertaining to read, is perhaps the most 
valuable. It is the one kind that is infallibly vivifying; it gives us the fact, hot and direct, from 
the hand of the one man capable of delivering it. Scarcely a month passes that the magazine does 
not contain matter of this kind. 


THE NEWEST SCIENCE, INVENTION, AND EXPLORATION 


Always seeking for the significant discoveries or speculations which touch the edge of the 
future, McCLURE’S MAGAZINE has been the first to give authoritative and attractive account of 
many new scientific achievements. Among the coming articles of this kind we may mention, THE 
ECLIPSE OF 1898, by Sir Norman Lockyer—an account of his own observations ; THE MILKy Way, 
by Prof. ©. E. Barnard, the man who first successfully employed photography in the study of the 
Milky Way; EXPERIMENTS IN FLYING—an article by Octave Chanute, describing important experi- 
ments in flying made by him and his associates within the last two years; TELEGRAPHING WITH- 
ouT WirREs—an article by Mr. W. H. Preece, Engineer-in-chief of the Telegraph Department of the 
English Postal System, giving the authoritative account of the latest experiments made by the 
British postal authorities in telegraphing without the use of wires; and THE HIGHEST MOUNTAIN 
EVER CLIMBED—an article by Mr. F. A. FitzGerald, telling the story of his recent triumph in climb- 
ing Aconcagua, a peak 23,000 feet high. ° 


SERIALS AND SHORT STORIES 


No magazine has ever published a more interesting serial than Anthony Hope’s “ Rupert 
of Hentzau,” now appearing in MCCLuRE’s, It more than maintains the standard set by MCCLURE’s 
itself when it published Stevenson’s “ Ebb Tide” and “St. Ives”"and Anthony Hope’s “ Phroso.” 


The McCLure short story has come to be a kind by itself—recognized of all the world. It 
always has a certain novelty and compelling interest of plot and incident; a certain strength and 
reality of characterization; and at the same time, an unfailing purity of theme and hopefulness 
of tone. It may be written by Rudyard Kipling, Octave Thanet, Conan Doyle, Joel Chandler 
Harris, or some writer not so well known as these ; but it is still always the MCCLURE story—a story 
that people will read with interest and which they will be the happier for reading. 


BUY OF ANY NEWSDEALER OR REMIT DIRECT. 


THE S. S. MCCLURE COMPANY, 141-155 EAST 25TH ST., NEW YORK CITY 
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Astronomical Photographs 


On account of the frequent requests received at the Yerkes 
Observatory for lantern slides and prints from astronomical pho- 
tographs, it has been thought advisable to make provision for 
supplying the very considerable demand. Mr. G. Willis Ritchey, 
Optician of the Observatory, who has had wide experience in 
making and copying astronomical negatives, has undertaken to 
furnish such photographs at moderate expense. He is prepared 
to supply lantern slides, transparencies, and paper prints from 


any of the negatives in the collection of the Yerkes Observatory. 


Among the subjects available at the present time may be 
mentioned: Professor Hale's photographs of prominences, facule 
and other solar phenomena, and of stellar spectra; Professor 
Barnard’s portrait-lens photographs of the Milky Way, nebule, 
comets, and meteors; Professor Burnham's photographs of the 
Moon, Winter and Summer views of Mt. Hamilton and the 
Lick Observatory; Mr. Ellerman's photographs of the buildings 
and instruments of the Yerkes Observatory; and Mr. Ritchey’s 


Kenwood Observatory photographs of the Moon. 


A more complete list of subjects may be had on application 
to G. Wittis Rircuey, Yerkes Observatory, Williams Bay, 


Wisconsin, to whom all orders should be addressed. 
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What is 


Dixson’s 
Subject 
Index 
to 
| Fiction? 


“It is far and away the best and most 
practical, up-to-date index to historical 
novels yet published, and is indispensable 
to public libraries and purchasing com- 
mittees.”—Fdward W. Hall, Librarian of 
Colby University. 

An excellent thing well done.” — Zhe 
Outlook. 

“It is a time-saver that will be appre- 
ciated by writers, authors, and readers.”’"— 
New York Observer. 

“Tt is an excellent piece of work. 
There is no reason why it should not be- 
come as much of a standard as Poole’s 


Index.” — Zhe Chicago Tribune. 

“The lists are surprisingly full and 
accurate. In the bibliographical field few 
more useful books have appeared this 
year.” — Philadelphia Book News. 

“Should find a place on every book- 
man’s desk.”’— Zhe Bookman. 


“Every student and every writer will 
feel indebted to the Associate Librarian oi 
the Chicago University.”"— The New York 


Commercial Advertiser. 


“ This INDEX will prove a most valuable 
and delightful guide. It is easy to see 
also of what special help the work will be 
in the hands of every pastor, college in- 
structor, librarian, or bookseller.” — Pacific 
Baptist. 


“Your InpDex has already been of great 
service to readers of this library and is 
destined to be used a great deal more.” — 
Rk. C. Davis, Librarian of University of 
Michigan. 


“Tam more and more delighted with 
your INDEX as I use it in connection with 
my classes.”—C. Z. Williams, Professor of 
English Literature, Denison University. 


“T congratulate you on the service you 
have rendered readers in this publication.” 
—Charles C. Soule, Boston Book Co. 


*Supyect INDEX TO FICTION promises 
to win a respected place on the shelves to 
which such books of reference are as- 


signed.” — The New York Tribune. 


“Your INDEX improves on acquaint- 
ance. I never knew what the world of 
fiction really was before I studied this 
methodical manual.’’—Dr. Charles J. Bald- 
win, Pastor Granville (O.) Baptist Church. 


“T am experiencing great pleasure and 
profit from the use ot your INpDex. I 
have recommended it most heartily to our 
students.”"— Dr. /. D. S. Riggs, President 
of Ottawa University. 


PRICE, ENGLISH BUCKRAM, $2.00 AND POSTAGE 


ADDRESS 


ZELLA ALLEN DIXSON, A.M., 


Associate Librarian of the University of Chicago, 
CHICAGO, ILLINOIS 
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THE 


PHYSICAL REVIEW 


A JOURNAL OF EXPERIMENTAL AND THEORETICAL 
PHYSICS 


CONDUCTED BY 
EDWARD L. NICHOLS 


ERNEST MERRITT, AND FREDERICK BEDELL 
BEGINNING with Volume V. (July-December, 1897), two volumes 

of THE PuysicaL Review will be published annually, these volumes , 

beginning in July and January, respectively, and containing at least | 


five numbers each. The price of subscription is two dollars and _ fifty 
cents a volume (five dollars a year), or fifty cents a number. Subscrip- 
tion should be sent to the publishers, THE MacmILLan Company, 66 
Fifth Avenue, New York; Messrs. MACMILLAN & Co., Lip., London; 
or to Messrs. MAYER & MUELLER, Per/in. 

Volumes I-IV of THE PuysicaL REVIEW are annual volumes, each ' 


containing six bi-monthly numbers, beginning with the July-August 


number, 1893. These may be obtained from the publishers at the 


former subscription price three dollars per volume. 


Correspondence relating to contributions should be addressed to 
the editors, at //haca, New York. 

Manuscript intended for publication in THE PHysicaL REVIEW 
must be communicated by the author; when publication in other 
‘ournals is contemplated, notice to this effect should be given. 

The author of original articles published in the Review will receive 
one hundred separate copies in covers, for which no charge will be 
made; additional copies, when ordered in advance, may be obtained 


at cost. 


PUBLISHED FOR CORNELL UNIVERSITY. 


THE MACMILLAN COMPANY, NEW YORK. ° | 
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The Greatest Historical Work of the Century. 


History for Ready Reference 
and Topical Reading. 


In Five Imperial 
By J. N. LARNED, 
Ex-Pres. American Library Ass’n, 


This work is in itself a complcte Historical Li- 
brary. The fruit of the ripest scholarship has been 
gathered upon thousands of topics, from thousands of 
yolumes. 


A complete system is given to History, present- 
ing its topics in their sequence and inter-relations, 
most convenient for reading, for study, or for reference. 

The time ordinarily spent in seeking accurate histor- 
ical information is, by this work, saved by the many 
years of laborious research and discriminating thought 
expended in its preparation. It makes one acquainted 
not only with History but with Wistorians, 


Nothing like it has ever heen attempted, and, 
in the opinions of the most distinguished literary men 
of all professions, it is the greatest Historical 
Work of the Century. 

These opinions, with full information, sent on appli- 
cation. Sold only by subscription, and sent, carriage 
free, to responsible subscribers on easy payments. 


Experienced Solicitors Wanted. 
Address the Publishers, 


The C. A. NICHOLS CO., 
Springfield, Mass. Chicago, Ills. 


The History for Ready Reference isan important work, repre- 
senting both History and Literature. It turnishes a consensus 
of opinion of the best historians upon great historical questions 
and the reduction to a system of the great body of History as 
presented in thousands of volumes, The use of these volumes 
Inust prove an inspiration, whether in the family, in the study, in 
the office, or in the school. “ 

WILLIAM R. HARPER, President, 
Chicago University. 


UPON EASY TERMS OF PAYMENT. 


THE NEW ILLUSTRATED 


Chambers’s 


Encyclopzedia 


Published by J. B. Lipprncott CoMPANY, 
has been thoroughly revised and brought 


UP-TO-DATE. 


SOLD EXCLUSIVELY 
BY SUBSCRIPTION, 


AND CAN BE PURCHASED UPON 


SMALL MONTHLY PAYMENTS 


Illustrated circular and terms of sale 
sent upon application. 


J. B. Lippincott Company, 


Philadelphia. 


Agencies in New York, Boston, Chicago, Pittsburg. 


Detroit, Kansas City, and San Francisco. 


* 


Almanac Office, London. 


tion to 


Agency of the Smithsonian Institution 
U. S. Government Departments, 


JUST PUBLISHED, PRICE TWELVE CENTS 


The Natural History and Scientific Book Circular 
Nos. 129, 130 


MATHEMATICAL AND 
PHYSICAL SCIENCES 


Rev. A. FREEMAN, M.A., F.R.A.S., A. MARTH, F.R.A.S.,and 
J. R. HIND, F.R.A.S., Late Superintendent of the Nautical 


“? Containing 3000 works (96 pages), including works on the Spec- 
trum, Telescope, Eclipses, Comets, Meteors. To be had on applica- 


WILLIAM WESLEY & SON, 
28 Essex STREET, STRAND, LONDON. 
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‘¢ Contains as much flesh-forming 
matter as beef.” 


Walter Baker & Co,’s 
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“Has stood the test of more than 
one hundred years’ use among all 
classes of people, and for purity and 
honest worth is unequalled.” 

—Medical and Surgical Journal. 


TRADE-MARK. 


Costs Less Than ONE CENT a Cup. 
Our Trade-Mark on Every Package. 


Walter Baker & Co. Ltd. 


DORCHESTER, MASS. 


Whiting’s 
Standard 
Paper's 


Specially adapted for 
Commercial and Fine 
Correspondence pur- 
poses . 


Pure Fibre 
Delicate Surface 
Perfect Writing Quality 


Whiting 
Paper Company 


NEW YORK 
CHICAGO 
PHILADELPHIA 


Mills : HOLYOKE, MASS, 


A Delightful Dentifrice 
Always the Same 
1859-1897 


I. Single price 
Il. Double quantity 


(liquid and powder) 


lll. Triple Value 


Antiseptic, wholesome and fragrant. 
Used by dentists, physicians and druggists. 


A SAMPLE FOR THREE CENTS, 
HALL & RUCKEL, Proprietors. 
New YORK. 


of a long and successful career— 


THE NEW MODELS 


of the 


Remington 


Standard Typewriter. 


The Always-Best Typewriter 
made better yet. 


WYCKOFF, SEAMANS & BENEDICT 
144 Madison St., CHICAGO. 
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The Crowning Triumph | 
For sale by all dealers 


BREVITY 
Is said to be the Soul of Wit! 


WHY LET UNSCRUPULOUS DEALERS 
SELL YOU IMITATIONS OF 


EXTRACT 


THE FAMILY REMEDY 


FOR ALL PAIN? 


Always Pure and Uniform—No Wood Alcohol, or other Poisons, 


Bottles only. Bull Wrappers. See our Name on Label and Wrapper. 
POND’S EXTRACT CO., New York and London. 


LITHIA WATER 


In Bright’s Disease, the Gouty Diathesis, etc. A Veritable Antidote 


to Albuminuria in all of its Forms, 


Dr. ALFRED L. LOOMIS, Professor of Pathology and Practical Medicine in the Medical 
Department of the University of New York, wrote: “For the past four years I have used 


in the treatment of Chronic Bright’s Disease.of the 
BUFFALO LITHIA WATER Kidneys, occurring in Gouty and Rheumatic subjects, 
with marked benefit.’’ 


Dr. WILLIAM H. DRUIIIIOND, Professor of Medical Jurisprudence, Bishop's University, Montreal, 
Canada; “\n the Acute and Chronic Nephritis (Bright's Disease of the Kidneys) of Gouty and 
Rheumatic Origin, as well as in the graver Albuminuria of Pregnancy, I have found 


to act as a veritable antidote, and | know of no other natural 

BUFFALO LITHIA WaT ER agent possessing this important quality.” 
Dr. GRAEME M. HASIPMOND, of New York, Professor of Diseases of the Mind and Nervous 
System in the New York Post-Graduate Medical School and Hospita:: “In all cases of Bright’s Disease 


of the Kidneys, I have found of the greatest service in 
ese quantity of BUFFALO LITHIA WATER urine, and in eliminating 


is for sal 
BUFFALO LITHIA WATER Grocers and Druggists generally, Pamphlets on 


PROPRIETOR, BUFFALO LITHIA SPRINGS, VA. 
Springs open for Guests form June isth to October rst. 


‘ 
{ 
Springs 
5 
No. 1 and 2 
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Astronomical 


Instruments 


Equatorial 
Telescopes 


Zenith ‘Telescopes 


Alt- Azimuth 


Telescopes 


Meridian Circles 


Transits 


=e @] 


Chronographs 


We have in process of 
construction a complete 
line of standard 
telescopes for educational 
institutions and private 
observatories. 


40-in. Yerkes Telescope at Columbian Exposition 


WARNER & SWASEY 


CLEVELAND, OHIO, U.S.A. 
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